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INTRODUCTION 
 
  Sudan is considered as one of the richest African and Arabian 
countries in livestock population which constitutes an important source of 
income. 
  Goats are important component of this livestock population and 
participate particularly in the national economy and provide meat, milk 
and skin in the local markets. The estimated livestock population in the 
Sudan is as follows:  44.8 million sheep, 37.3 million goats, 35.8 million 
cattle and 3 million camels (AOAD, 2001). 
   Nubian goats are distributed mainly in Aljazeera, Khartoum, 
Northern, White Nile, River Nile, Blue Nile and Kassala states (Mustafa, 
2006). They are considered as a good source of meat and the best known 
diary breed in the Sudan and the whole of Africa. 
           To the authorُs knowledge, there is only one report about the 
development of the seminiferous tubules of goats (Nishimura, Okano, 
Yasukouchi, Gotoh, Tabata and Iwamoto, 2000), and a few investigations 
on the intratesticular excurrent ducts in sexually mature goats (Hemeida, 
Sack and Kenneth, 1978; Osman and Plöen, 1978a, 1979; Ezeasor 1986; 
Goyal and Williams, 1987). 
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   The male Tokara goat reaches puberty at about 4 months of age and 
usually a large number of spermatozoa are always present in their 
seminiferous tubules (Nishimura et al., 2000). 
          The intratesticular excurrent ducts of goats are divided into 
terminal segment which is usually lined with modified Sertoli cells, the 
tubuli recti which are subdivided into two regions, and the rete testis 
consisting of septulae, mediastinal and extratesticular parts. The 
extratesticular part is usually located outside the testis in the rat (Roosen-
Runge, 1961), man (Roosen-Runge and Holstein, 1978) and goat (Goyal 
and Williams, 1987). 
        Some studies were conducted on the histochemistry of the 
seminiferous tubules and the intratesticular excurrent ducts in different 
sexually mature mammals such as the camel (Osman, 1975), buffalo 
(Goyal and Dhingra, 1973; Dhingra, 1980), ram (Osman, 1984), and bull 
(Yasein, 2005). 
         Some morphometric studies were performed in the seminiferous 
tubules of the cat (Franca and Godinho, 2003), ram (Wrobel, Reichold 
and Schimmel, 1995), rat (Wing and Christensen, 1982), hamster (Lue, 
Sinha, Wang, Bonavera, Baravarian, Leung and Swerdloff, 1997). 
 Morphometric evaluation on the intratesticular excurrent ducts in 
sexually mature bulls was carried out by Yasein (2005). 
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         To the author’s knowledge, there is no information about the 
development of the intratesticular tubular ducts of goats. 
It is therefore to conduct this investigation with the following objectives 
in mind. 
 
 
1- To study the histology of the seminiferous tubules and the 
intratesticular excurrent ducts of goats from birth to sexual maturity. 
2- To measure the diameter of the developing seminiferous tubules 
and their intratesticular ducts from birth to sexual maturity.  
3- To conduct some histochemical tests to evaluate the effect of 
development on some enzymes and histochemical substances 
which are located in the intratesticular tubules of goats. 
4- To perform morphometric measurements on the different parts of 
the intratesticular tubular system to study the effect of development 
on the different components of the goat testis 
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CHAPTER ONE 
          LITERATURE  REVIEW 
 
I. 1.  The seminiferous cords and tubules:- 
  A few reports have dealt with the histological development of the 
seminiferous tubules in the rat (Vitale, Fawcett and Dym, 1973; Osman, 
Plöen and Hagenäs,1979), bull (Wrobel, Schilling and Zwack,1986), and 
some mammalian species (Johnson, Gomes and Vandemark,1970).                                    
          At birth, the seminiferous cords of the bull calf had 30-40 
peripheral cells with 8-12 central cells known as gonocytes which were 
formed by inward movement of the peripheral cells (Johnson et al., 
1970). However, Vitale et al. (1973) reported that, during postnatal 
development of the seminiferous cords, the gonocytes move from the 
centre to the periphery where they undergo a number of divisions and 
differentiate into typical type A and type B spermatogonia. The term 
gonocytes is used to designate the germ cells up to their differentiation 
into spermatogonia when spermatogenic activity starts. Osman et al. 
(1979) observed a few gonocytes in the terminal segment of 5 days old 
rats. At 6 weeks postnatal development of the ram testis, the seminiferous 
cord is about 115 µm in diameter and there are numerous gonocytes in it 
and these gonocytes are situated at the basal lamina like proper 
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spermatogonia (Nilnophakoon, 1978). Gonocytes are rather large rounded 
cells mostly situated toward the centre of the sex cords and much more 
numerous at birth than at one to four months postnatal development of the 
bull calf testis (Nicander, Abdel-Raouf and Crabo, 1961). Wrobel et al.  
(1986) reported that the nongerminal supporting cells of the bull calf 
possess spherical nuclei with basal location at 4th and 8th weeks postnatal 
development. The meiotic changes begin in the peripheral layer at about 6 
months of age in the bull and 7 months in the dog (Johnson et al., 1970). 
During 14 days of development of the rat testis, the germinal components 
of the seminiferous epithelium consist only of spermatogonia and early 
spermatocytes forming a single layer of cells on the basal lamina (Vitale 
et al., 1973). During early development of the testis of mammals, the 
seminiferous tubules don’t possess a lumen (Dym, 1976).  Nilnophakoon 
(1978) also observed that no lumen had been formed in the seminiferous 
cords after 6 weeks of postnatal development in the ram testis. The 
formation of a lumen had been observed between 20 and 25 weeks old 
bull calf (Wrobel et al., 1986), 12 weeks of age in the ram (Nilnophkoon, 
1978); starts at the age of 15 days and is completed in all seminiferous 
tubules at 25 days old rats (Osman et al., 1979), toward the end of the 
third week in the hamster (Fouquet and Guha,1969), and at approximately 
6 years of age in primates (Johnson et al., 1970) 
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       With the formation of a lumen, the seminiferous cords are 
transformed into seminiferous tubules in the ram (Nilnophakoon, 1978), 
and some mammalian species (Johnson et al., 1970). 
        At 13 weeks postnatal development in the  ram testis, the 
seminiferous tubules measure about 170 µm in diameter and mostly 
possess two generations of germ cells in addition to spermatogonia , and 
the round spermatids are the most differentiated cell type observed; the 
elongated spermatids or testicular spermatozoa are not formed up to 15 
weeks of age. In the ram testis, the seminiferous tubules measure about 
190 µm in diameter and all stages of spermatogenesis are found and the 
appearance of the testis approaches that in mature animal at 18 weeks of 
age (Nilnophakoon, 1978). However, the male tokara goat reaches 
puberty at around 4 months of age but testis development continues up to 
12 months of age (Nishimura et al., 2000).  
        The basal lamina of the mature bovine seminiferous tubules is 
multiple layered where as the elongated peritubular cells are arranged in 
3–5 concentric layers around the seminiferous tubules (Wrobel, 
Mademann, and Sinowatz, 1979). 
        There have been no developmental investigations of the 
histochemistry of the seminiferous tubules. However, the histochemistry 
of the seminiferous tubules of mature animals has been studied in the 
camel (Osman, 1975) and bull (Yasein, 2005). 
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PAS- reactive substances resistant to diastase digestion are present in the 
wall of the blood vessels and in the boundary tissue of the seminiferous 
tubules of the camel (Osman, 1975). Osman, Moneim and Tingari (1976) 
also observed that PAS- reactive substance removable with diastase 
enzyme (glycogen) is present in the germinal epithelium of the 
seminiferous tubules of the camel. 
        No acid phosphatase reactivity was seen in the seminiferous tubules 
of the camel (Osman, 1975). 
        The basement membrane of the seminiferous tubules of the bull 
reacts strongly for the enzyme alkaline phosphatase (Yasein, 2005). A 
clear reaction is demonstrable in the boundary tissue of the seminiferous 
tubules and in the germinal epithelium near the lumen in the camel 
(Osman, 1975). The interstitial cells react strongly for alkaline 
phosphatase, while the peritubular connective tissue reacts very weakly in 
the bull (Yasein, 2005). 
I. 2.     The terminal segment of the seminiferous tubules:- 
       The terminal segment of the seminiferous tubule is that short narrow 
portion of the seminiferous tubules which connects the seminiferous 
tubules with the tubuli recti. A few reports have dealt with the 
histological development of the terminal segment in the rat (Osman et al., 
1979), bull (Wrobel et al., 1986), and some mammalian species (Johnson 
et al., 1970; Osman and Plöen, 1979). 
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        The terminal segment of the seminiferous tubules develops between 
20 and 25 weeks of postnatal development in the calf (Wrobel et al., 
1986). However, the plug – like structure of the terminal segment was 
observed before the formation of a lumen in the seminiferous tubules of 
juvenile goat testis (Osman and Plöen, 1979). 
         In 5 to 15 days old rats, the terminal segment is possible to identifiy 
only when its connection to the tubulus rectus or the rete channels is 
established, because the presence of a patent lumen in the later structures. 
Clear distinction of the terminal segment from the seminiferous tubules 
proper is possible at 20 days of age and onwards in the rat (Osman et al ., 
1979), and at 30 weeks in the bull due to the formation of primary 
spermatocytes and spermatids in the seminiferous tubules (Wrobel et al., 
1986).  
       Between 40 and 52 weeks of age of the bovine calf, the terminal 
segment of the seminiferous tubules is tripartite consisting of a 
transitional region, intermediate portion and a terminal plug (Wrobel et 
al., 1986).  
       The histology of terminal segment of the seminiferous tubules in 
sexually mature animals has been extensively studied but with different 
names in different animals: transitional zone, in the rat (Roosen-Runge, 
1961; Nykänen, 1979, 1980), stallion (Amann, Johnson and Pickett, 
1977), monkey (Dym, 1974), transitional stage in the fowl (Lake, 1957), 
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intermediate region in the guinea pig (Calpe and Aoki, 1969;  Fawcett 
and Dym, 1974), terminal segment in the camel (Singh and Bharadwaj, 
1980; Osman, 1986), bull (Wrobel, Sinowatz and Kugler, 1978; Osman 
and Ploen, 1979; Wrobel, Sinowatz and Mademann, 1982; Yasein, 2005), 
hamster (Cavicchia and Burgos, 1977), ram (Osman and Plöen, 1979), 
goat (Osman and Plöen, 1979; Ezeasor, 1986), domestic fowl (Osman, 
1980), rat (Osman and Plöen, 1978; Hinton and keefer, 1983), boar and 
rabbit (Osman, 1978, 1979). 
The terminal segment width varies between 0.091 and 0.126 mm with an 
average of 0.110 mm in the bull (Yasein, 2005). 
       At the junction between the seminiferous tubule and the terminal 
segment of the camel, the epithelium changes gradually by losing their 
germ cells and replaced by simple tall columnar cells resembling Sertoli 
cells of the seminiferous tubule proper but with some modifications, 
hence the name modified Sertoli cells (Osman, 1978). 
     The modified Sertoli cells of the terminal segment of the seminiferous 
tubules are characterized by having columnar shape, vaculated cytoplasm 
and long cytoplasmic processes which occlude the lumen and project into 
the dilated proximal part of the tubulus rectus, the receptacle, to form a 
plug-like structure, inside the receptacle. This plug–like structure is found 
in the boar (Osman, 1978), buffalo (Dhingra, 1980), man (Marin-Padilla, 
1964), camel (Singh and Bharadwaj, 1980; Osman, 1986), rat (Osman 
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and Plöen, 1978), mouse (Barack, 1968), monkey (Dym, 1974), bull, ram 
and goat (Osman and Plöen, 1979). However, Osman (1979) reported 
that, in most cases, the cells of the terminal segment in the rabbit do not 
project into the dilated proximal part of the tubulus rectus, to form the 
plug – like structure. This is also true for the guinea pig (Calpe and Aoki, 
1969; Fawcett and Dym, 1974).  
        The modified Sertoli cells are characterized by indented nuclei with 
prominent nucleoli, and peripheral heterochromatin encrustations 
attached to the inner nuclear membrane and are mostly situated close to 
the basal lamina, with highly irregular outline or lobulated. These features 
characterize the modified sertoli cells nuclei in the rat (Osman and Plöen, 
1978 ; Nykänen, 1979), bull (Wrobel et al ., 1982), monkey (Dym, 1974), 
guinea pig (Calpe and Aoki, 1969), rabbit and fowl (Osman, 1979, 1980). 
However, Osman (1978) observed that, in the boar these nuclei are 
mostly situated in the portion which forms the plug. Furthermore, Osman 
(1986) added that, in most cases, the nucleoli are not attached to the inner 
membrane of the nuclear envelop in the camel.  
      Degenerated spermatozoa were seen within the apical part of the 
modified Sertoli cells cytoplasm in the rat (Nykänen, 1980), bull (Wrobel  
et al,. 1982), monkey (Dym, 1974), boar, rabbit and camel (Osman, 1978, 
1979, 1986).  
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        The terminal segments of the seminiferous tubules possess very 
narrow lumen which is difficult to see under normal conditions in the 
hamster (Cavicchia and Burgos, 1977), rat (Osman and Plöen, 1978), and 
bull (Osman, 1979; Wrobel et al., 1982). A central lumen was evident 
only when the efferent ductules were ligated in the rat and rabbit (Osman 
and Plöen, 1978; Osman 1979). However, a central lumen was seen in 
most cases in the terminal segment of the camel (Osman, 1986). A few 
spermatogonia and degenerated spermatocytes were observed inside the 
lumen of the terminal segment.  
        Lymphocytes are distributed among the modified Sertoli cells of the 
terminal segment inside dilated intercellular spaces. These lymphocytes 
are small rounded cells, charachterized by irregular shape, few organelles 
mainly mitochondria , pale staining cytoplasm and they are usually found 
near the basal lamina and separated from it by a narrow cytoplasmic 
process of the lining epithelium in the monkey (Dym , 1974), rat and 
rhesus monkey (Dym and Romrell, 1975), rabbit and fowl (Osman, 1979, 
1980). The cells of the terminal segment rest upon a thick basal lamina 
which is bounded by a layer of collagenous fibres in the rat (Osman and 
Plöen, 1978). Degen and Lee (1982) reported that the cells of the 
boundary tissue in the camel are mostly arranged in a single layer, where 
as in the boar (Osman, 1978; Bloom and Fawcett, 1986), rabbit (Osman, 
1979), bull (Wrobel et al., 1979; Yasein, 2005), monkey (Dym, 1974), 
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and ram (Bloom and Fawcett, 1986), these cells are arranged in more than 
one overlapping layer, and two types of cells could be identified. The cell 
of the first type is found near the basal lamina, and has filamentous 
cytoplasm and elongated nucleus similar to that of contractile cells which 
surround the seminiferous tubules. The second type of cells has few 
microfilaments but abundant rough endoplasmic reticulum, and resembles 
fibroblasts. Light cells are present in the boundary tissue of the rat testis 
(Nykänen, 1979).   
       The bull terminal segment is surrounded by a vascular plexus in a 
cuff – like or in a sleeve like manner (Wrobel et al., 1979), and is divided 
into three subsequent regions: transitional region, middle portion and 
terminal plug (Wrobel et al., 1978)  
        The histology of the terminal segment of the seminiferous tubules of  
sexually mature goats was studied by Osman and  Plöen (1978,1979) and 
Ezeasor (1986). These authors subdivided the terminal segment, 
according to the gradual depletion of the germ cells, into proximal part 
with a large number of spermatogonia and a few primary spermatocytes 
together with the modified Sertoli cells , middle region which contains 
only a few spermatogonia and modified Sertoli cells and  distal part or 
terminal plug.   
      Two types of modified Sertoli cells are found in the goat: type I are 
inclined, columnar cells which contain profuse arrays of a granular 
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endoplasmic reticulum in their apical cytoplasm and  type II are smaller 
cells located at the apex of the plug, and each possesses cytoplasmic 
processes which surround the apex of type I cells (Ezeasor, 1986). 
Phagocytic activity of the goat modified Sertoli cells has also been 
observed in the goat (Ezeasor, 1986). 
       To the author’s knowledge, there are no available histochemical 
investigations about the developing terminal segment of the seminiferous 
tubules, but some studies have been conducted in sexually mature 
animals, like the buffalo (Dhingra, 1980), rat (Nykänen, 1980), ram 
(Osman, 1984) and bull (Yasein, 2005). 
         PAS – positive substances resistant to diastase digestion were 
detected in the basal lamina of modified Sertoli cells and the epithelial 
lining of the plug in the buffalo (Dhingra, 1980) and ram ( Osman, 1984).  
      Yasein (2005) detected strong PAS - positive reaction in the terminal 
segment of the bull and this reaction was more intense in the basement 
membrane of both the transitional and middle regions than that of the 
terminal plug. Nykänen (1980) also noticed PAS-positive reaction 
surrounding the nuclei in the distal aspect of the terminal segment of the 
rat. Osman (1984) reported that PAS- reactive substance resistant to 
diastase digestion is detected in the boundary tissue of the terminal 
segment of the ram.  PAS- positive material removed with diastase 
enzyme (glycogen) was detected by Dhingra (1980) in the basement 
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membrane of the epithelial lining of the terminal segment of the buffalo. 
Fabbrini and Conti (1969) reported that a progressive decrease in tubular 
glycogen was found, corresponding to an increase in tubular diameter in 
human testis. No PAS- positive element was found in the interstitial area 
in human testis (Fabbrini and Conti, 1969). However, a faint cytoplasmic 
reaction for PAS-positive material was noted in the interstitial cells of the 
ram testis (Cavazos and Melampy, 1954).                      
       The lining epithelium of the terminal segment of the seminiferous 
tubules of the ram shows intense reaction for the enzyme alkaline 
phosphatase which marked the limmit of the terminal segments from the 
seminiferous tubules proper (Osman, 1984). The basement membrane of 
the terminal segments of the bull reacts strongly for alkaline phosphatase, 
while the reaction is fairly strong in the terminal segments than that of the 
seminiferous tubules proper (Yasein, 2005).The interstitial cells reacts 
strongly for alkaline phosphatase, while the peritubular connective tissue 
reacts weakly in the bull (Yasein, 2005). 
       In the available literature, there is no morphometric analysis on the 
development of the intratesticular tubular ducts of mammals and birds. 
However, morphometric analysis on the intratesticular excurrent ducts of 
the adult bull was conducted by Yasein (2005). 
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1.3. The Tubulus Rectus   
      The tubulus rectus is that part of the intratesticular excurrent duct 
which connects the terminal segment of the seminiferous tubule to the 
rete channels.  
   Some information about the development of the tubulus rectus was 
reported by Wrobel et al. (1986) in the bull calf. 
        During the 4th and 8th weeks of age of bovine calf, the straight 
tubules have narrow lumina and stratified epithelium. Starting from the 
16th week and proceeding through the 30th week and onward, the 
epithelium of the tubulus rectus, close to the connection with the 
seminiferous tubule, becomes monolayered. Then the straight testicular 
tubules adjacent to the terminal segment are modified into a cup region 
encompassing the terminal plug of the terminal segment followed by a 
narrow stalk which is lined by simple columnar epithelium at 40-52 
weeks of age (Wrobel et al., 1986). 
         The tubulus rectus  has been investigated extensively in sexually 
mature animals, like the camel (Singh and Bharadwaj, 1980 ; Osman, 
1986), bull (Osman, 1978; Osman and Plöen,1978 ; Wrobel et al., 1986 ;  
Yasein, 2005),  buffalo (Dhingra, 1980),  stallion (Amann et al.,1977), 
fowl (Gray,1937), bird  (Aire,1982), rat (Roosen-Runge, 1961; Perey, 
Clermont and Leblond, 1961; Osman and Plöen, 1978; Nykänen, 1980),  
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mouse (Barack, 1968), man (Marin-Padilla, 1964), guinea fowl (Aire, 
Ayeni and Olowo-Okorun, 1979), hamster (Cavicchia and Burgos, 1977), 
guinea pig (Calpe and Aoki, 1969), ram, goat and rabbit (Osman and 
Plöen, 1978) and marsupials  (Rodger, 1982). 
      Osman (1980) reported that the seminiferous tubules in the fowl are 
linked to the rete channels in three different ways; in two of these ways 
there is no obvious tubulus rectus joining the terminal segments or 
seminiferous tubules to the rete channels; the seminiferous tubules open 
directly into the rete. The seminiferous tubules open into the rete testis 
directly or into the straight tubules in birds (Aire, 1982).  Nykänen (1980) 
also observed that, in one third of the cases there is a true tubule or classic 
tubulus rectus in the rat. 
         The tubulus rectus consists of three regions, proximal, middle and 
distal in the camel (Singh and Bharadwaj, 1980; Osman, 1986), bull 
(Osman and Plöen, 1978; Yasein, 2005) and hamster (Cavicchia and 
Burgos, 1977). There are two regions (proximal and middle)  in the ram, 
boar and goad, and only one region (middle) in the rabbit and rat (Osman, 
1978). The proximal region is the dilated proximal part of the tubulus 
rectus which accommodates the plug- like structure of the terminal 
segment, the receptacle. The epithelial cells change abruptly from tall 
columnar cells of the terminal segment to short cells of the receptacle. 
The epithelium is simple cuboidal in the stallion (Amann et al., 1977), 
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guinea pig (Fawcett and Dym, 1974), guinea fowl (Aire et al., 1979) and 
simple squamous to low cuboidal in the buffalo (Dhingra, 1980), camel 
(Singh and Bharadwaj, 1980; Osman, 1986), Japanese quail (Aire, 1979), 
bull, boar, ram and goat (Osman and Plöen, 1978). The epithelial cells of 
the receptacle have oval nuclei with their long axis parallel to the basal 
lamina. 
          Marin-Padilla (1964) mentioned that in man, horse, mule, dog, cat 
and hamster, the communication between the seminiferous tubules and 
the tubuli recti are only found during the reproductive age when mature 
spermatozoa become ready for discharge, so that there is no receptacle in 
presexual maturity period. 
         The main part is the middle region of the tubulus rectus, and it had a 
narrow lumen and mostly lined by a single layer of cuboidal cells in the  
guinea pig (Calpe and Aoki, 1969), fowl (Gray, 1937), hamster 
(Cavicchia and Burgos,1977), rat (Nykänen, 1980), bull, ram and goat 
(Osman and Plöen, 1978), but patches of columnar cells were also seen in 
the camel (Singh and Bharadwaj, 1980; Osman, 1986), and man (Marin-
Padilla, 1964). 
Cavicchia and Burgos (1977) reported that, occasionally the main part of 
the tubuli recti was abscent in the hamster and the proximal part  was 
immediately followed by the distal one.  
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       The distal part of the tubulus rectus is wide and has a festooned 
appearance, and is characterized by a high epithelium which is thrown 
into folds in the bull (Osman and Plöen, 1978; Yassein, 2005). 
       The tubuli recti are usually situated in the septulae testis toward the 
mediastinum. The cells lining the tubuli recti contain an ovoid nucleus in 
the stallion (Amann et al., 1977) and roughly ovoid with peripheral 
chromatin clumps in the guinea pig (Calpe and Aoki, 1969). These nuclei 
possess heterochromatin attached to the inner nuclear membrane and their 
nucleoli are either centrally or eccentrically situated in the camel (Osman, 
1986). 
          Intraepithelial lymphocytes were also seen within the epithelium of 
the tubuli recti of mammals including the camel. In between the simple 
cuboidal epithelium of the tubuli recti, lymphocytes are relatively 
inconspicuous, but could be found in small numbers in the rat and rhesus 
monkey (Dym and Romrell, 1975). 
           No histochemical study of the development of the tubulus rectus 
has as yet been reported, but a few investigations have been conducted in 
sexually mature animals, such as the camel (Osman, 1975; Singh and 
Bharadwaj, 1980), buffalo (Dhingra, 1980) and bull (Yasein, 2005). 
        The epithelial cells of the tubuli recti of the camel revealed positive-
PAS reaction supported by an intensely PAS-positive basement 
membrane (Singh and Bharadwaj, 1980). Yasein (2005) added that the 
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basement membrane of the tubulus rectus of the bull is PAS-positive and 
the intensity of the reaction varies markedly in the three different parts of 
the tubule. Dhingra (1980) stated that the epithelium of the receptacle 
rests on a PAS– positive basement membrane and also shows positive 
reaction in its luminal border in the buffalo. Osman (1975) detected 
intense reaction for PAS in the boundary tissue of the tubuli recti of the 
camel. 
     A moderate number of glycogen particles are distributed throughout 
the cytoplasm of the tubuli recti of the guinea pig (Fawcett and Dym, 
1974; Bloom and Fawcett, 1986). Osman (1975) detected PAS-positive 
substance removable with diastase enzyme (glycogen) in the lining 
epithelium of the tubuli recti, and the wall of blood vessels of the camel. 
Osman (1975) noticed that, the tubuli recti of the camel give negative 
reaction for the enzyme acid phosphatase. 
       Alkaline phosphatase –positive reaction was seen in the boundary 
tissue of the tubuli recti of the camel (Osman, 1975). The tubuli recti in 
the bull reacted positively for alkaline phosphatase but this reaction 
showed marked differences in its three parts (yasein, 2005). 
I.4. The rete testis                                                                                 
        The rete testis consists of channels into which the seminiferous 
tubules or tubuli recti open and its enclosed in the fibous tissue of the 
mediastinum testis. 
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       The histological development of the rete testis in the buffalo is 
provided by Goyal and Dhingra (1973) and Dhingra (1980). More 
information is reported by Dym (1976) in some mammals. The 
epithelium lining the different parts of the rete varies from simple 
cuboidal to pseudostratified columnar up to 30 weeks of postnatal life in 
the buffalo, and it becomes stratified in most of the regions of the rete 
channels at 52 weeks (Goyal and Dhingra, 1973). Moreover, Dhingra 
(1980) added that there are patches of pseudostratified columnar 
epithelium in prepubertal buffalo and is transformed to simple cuboidal in 
the adult animal. During early development of the mammalian testis in 
prepupertal animals, the rete lacks a lumen (Dym, 1976). Fibroblasts and 
undifferentiated mesenchymal cells are randomly scattered in the 
mediastinum testis around the rete from birth to 15 weeks of age. Leydig 
cells with characteristic rounded nuclei were observed in the peripheral 
region at 30 - 52 weeks of age in the buffalo (Goyal and Dhingra, 1973).  
The arrangement of the rete and its mediastinum of adult animals could 
be classified into two types:  1- The superficial rete lying at the surface of 
the testis immediately beneath the tunica albuginea and this type is 
characteristic of the rat, mouse and hamster (Dym, 1976). 2- The second 
type is the axial rete coursing longitudinally through the long axis of the 
testis. The axial position of the rete and mediastinum shows great 
variation between the different species: 
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          In the Australian marsupial, the rete is horse shoe-shaped extending 
down both the epididymal and free margins of the testis underneath the 
blood vessels, about half way along the testis (Johnson et al., 1970; 
Rodger, 1982). In the camel (Osman, 1975, 1980), bull (Sinowatz, 
Wrobel, Sinowatz and Kugler, 1979; Hees, Wrobel, Kohler, Leiser and 
Rothbacher, 1987; Yasein,2005), ram (Johnson et al.,1970; Dym, 1976), 
boar, monkey, cat, dog, guinea pig, rabbit and baboon (Dym, 1976), the 
mediastinum and rete testis are placed centrally in the testis, and extend 
aproximatly along two-thirds of the length of the testis.  
 In man, the rete is enclosed in a well developed mediastinum 
which is formed as an inturning of the fibrous tissue of the tunica 
albuginea into the testis, and it extends caudally to lie along most of the 
epididymal edge (Johnson et al., 1970). In general, the rete channels run 
parallel to the long axis of the testis and open into the efferent ducts 
(Bustos-Obregón and Holstein, 1976).The laterally placed rete and 
fibrous mediastinum as seen in man is also found in the monkey (Burgos, 
Cavicchia and Jensen, 1979). 
In the stallion, the rete tubules are located around the central vein 
in a tortuous or anastomosing pattern, (Amann et al., 1977)                                                 
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 In the buffalo, the mediastinum extends as a median core from the 
proximal extremity to aproximatly two-third or three-fourth of the 
distance to the distal extremity (Goyal and Dhingra, 1973).  
         In the rat, there is very little mediastinum and the rete is an irregular 
, flat,  cavernous sac about 1cm long and 0.2 - 0.3cm wide, closely 
applied to the inner surface of the tunica albuginea on the lateral edge, 
and the face toward the parenchyma is the side of the opening of the 
tubuli recti (Johnson et al, 1970). 
 The width of rete channels varies among the different animals. In the 
stallion, bull, boar and ram, the width is 4-11mm, 2-3mm, 1-2mm and 
4mm, respectively (Hemeida et al., 1978). In the rat it is 3.00mm 
(Roosen-Runge, 1961), in the guinea fowl it is 51.1um (Aire et al. 1979), 
in the monkey it is 1-3mm (Burgos et al ., 1979), and in the bull it is 4.3 -
7.7mm with an average of 5.9mm (Yasein, 2005).  
   The rete is divided into three parts intratesticular, intratunical and 
extratesticular rete (Roosen-Runge, 1961). Viotto, Orsi, Dias and 
Newmann, (1991) and Viotto, Orsi, Vicentini, Dias and Gregorio (1993), 
divided the rete testis of the cat into septal, mediastinal and tunical part. 
In man, the rete is divided into septal, mediastinal and extratesticular 
(Roosen-Runge and Holstein, 1978).  
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   The mediastinal rete is formed of long straight channels which increase 
in size and become more irregular and anastomostic at the cranial 
extremity of the testis. In most animals, the rete is lined by simple 
epithelium which varies in height in the camel, bull, man and rat; the cells 
vary between squamous, cuboidal and columnar (Leeson, 1962; Bustos-
Obregón and Holstein, 1976; Osman, 1978b; Nykänen, 1980; Osman, 
1986). In the domestic fowl, quail and mouse, the cells lining the rete are 
low cuboidal (Barack, 1968; Tingari, 1972; Aire, 1979).  The cells lining 
the rete of birds are simple squamous to cuboidal (Aire, 1982) while 
cuboidal  to low columnar in man and cat (Marin-Padilla, 1964; Viotto et 
al., 1991,1993) and  Simple squamous epithelium in guinea fowl and 
rabbit (Aire et al., 1979; Lohiya and Mathur, 1983). In the camel, the 
mediastinum testis and its radiating septulae into the parenchyma consist 
mainly of collagenous and a few elastic fibers surrounding the rete 
(Osman, 1975; Singh and Bharadwaj, 1978). However, Goyal and 
Dhingra (1973) reported that the mediastinal connective tissue consists of 
collagenous fibers with a few reticular fibers, and the elastic and muscle 
fibers are associated with the blood vessels in the buffalo. The connective 
tissue of the rete is remarkably rich in blood vessels in birds (Aire, 1982). 
Occasionally, interstitial cells in small groups were observed in the 
mediastinum testis of the camel (Osman, 1975; Singh and Bharadwaj, 
1978). In the bull, ram, goat, boar, rabbit, cat and rat, the nuclei of the 
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rete epithelium vary in shape: round, oval or indented and possessed one 
or two prominent nucleoli (Osman, 1978a). Lymphocytes are commonly 
seen inside the rete testis epithelium and they are usually found near the 
basal lamina. Different stages of degraded spermatozoa were frequently 
observed in many of the epithelial cells in the bull (Sinowatz et al., 1979; 
Goyal, 1982), man and rhesus monkey (Holstein, 1978).  
       The histology of the rete testis of the goat was studied by  Hemeida 
et al. (1978), Osman (1978) and Goyal and Williams (1987). The latter 
authors divided the rete testis of the goat into three parts; septal, 
mediastinal and extratesticular parts. The mediastinal rete is a labyrinth of 
intercommunicating channels that occupy about two - thirds of the central 
axis of the testis, while the extratesticular rete is located outside the testis. 
The width of the rete testis of the goat measures between 3 and 5mm 
(Hemeida et al., 1978). 
       The cells lining the rete are cuboidal or squamous, with a few 
lymphocytes. There were no phagocytized sperms in the rete epithelium, 
but luminal macrophages containing sperm fragments were occasionally 
encountered (Goyal and Williams, 1987)  
         A few accounts on the histochemical development of the rete testis 
were given in the buffalo (Goyal and Dhingra, 1973) and hamster 
(Fouquet and Guha, 1969). Reports on the histochemistry of the rete testis 
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of sexually mature buffalos (Dhingra, 1980), human (Bustos-obregón and 
Holstein, 1976), camel (Osman, 1975) and bull (Yasein, 2005) were 
found in the literature. 
        No glycogen was detcted from birth to maturity in the epithelium of 
intratesticular and extratesticular portions of the rete testis of the hamster 
(Fouquet and Guha, 1969). The rete epithelium of buffalo calves is 
supported by a delicate PAS-positive basement membrane between 3 and 
16 weeks of age, and becomes more positive and distinct between 30 and 
52 weeks of postnatal development (Goyal and Dhingra, 1973). Bustos-
obregón and Holstein (1976) reported that, particles of glycogen were 
distributed throughout the cytoplasm of the cells lining the rete testis of 
man. 
        A PAS-positive substance removable with diastase digestion was 
detected in the epithelium lining the rete testis of the camel and the 
reaction was more intense in the boundary tissue than elsewhere (Osman, 
1975). The presence of glycogen in the rete testis of the buffalo was 
detected between 30–52 weeks of postnatal development (Goyal and 
Dhingra, 1973). An intense PAS activity was shown as an apical 
granulation in the rete testis epithelium in the vampire bat (Orsi, 
Vicentini, Dias, Michelin and Viotto, 1990). 
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The rete testis of the camel reacted negatively for the enzyme acid 
phosphatase (Osman, 1975). 
         Moderate to intense alkaline phosphatase activity was detected in 
the luminal border of the rete testis of the buffalo, whereas the cell 
cytoplasm, basement membrane and nuclei were mildly reactive (Goyal 
and Dhingra, 1973; Dhingra, 1980). It has also been noticed that the 
fibrous connective tissue of the mediastinum reacted negatively for 
alkaline phosphatase, while the tunica intima of the mediastinum blood 
vessels reacted positively. 
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CHAPTER TWO 
MATERIAL AND METHODS 
 
The tissue samples used in this study were taken from testes of 5 
groups of kids with the following ages:- 
Group 1: 5-6 weeks of age. 
Group 2: 8-10 weeks of age. 
Group 3: 12-15 weeks of age. 
Group 4: 17-18 weeks of age. 
Group 5: 21 weeks of age and onwards (sexually mature animals) 
        These groups of animals were obtained from Abozeid and hellat 
koko Animal markets and Elsalam slaughter house. The testes were 
removed from the kids immediately after they were slaughtered in the 
premices of the department of anatomy. Slaughter house material was 
taken from the kids a few minutes after death. 
II. 1. Histological techniques 
        For the preparation of histological sections, 25 animals were used. 
After slaughter, the testes were removed from the animal and the 
epididymis was dissected out. Then the testis was divided longitudinally 
into two halves and small blocks of tissue (about 1cm thick) were cut out, 
including the mediastinum. 
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10% formalin, Bouin’s fluid, formal saline or Zinker’s formol were 
used for the fixation of the blocks of tissue. It has been found that 
Bouin’s fluid was the best fixative for the tissue blocks from the testis 
and the ideal time of fixation was 16 hours. The samples were dehydrated 
through ascending grades of ethanol (70% - 90% - 100%), and cleared in 
chloroform. Then, the tissue samples were impregnated in three changes 
of molten paraffin wax with melting point of 55°-60° C (one hour for each 
change), and blocked in paraffin wax (Drury and Wallington, 1980). 
 By using a rotary microtome, sections (about 5–8 µm thick) were 
cut and picked up on clean slides. The sections were stained by using the 
following techniques:- 
  
1. Haematoxylene and Eosin (H & E) for general histological structures 
(Drury and Wallington, 1980). 
2. Masson’s trichrome for collagen fibers (Drury and Wallington, 1980). 
3. Orcine and aldehyde fuchsin for elastic fibers (Drury and Wallington 
1980). 
4. Gomori’s reticulin methods for reticular fibers (type III collagen 
fibers) (Culling, 1974). 
      Histometrical measurements were carried out in tubules transversely 
cut to determine the tubular diameter in the different age groups. 
Olympus microscope (CH20-Japan) was used in this measurement and 
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using ocular micrometer lens X6. The objective lenses X10, X40 and 
X100 were used for determining the measurements after calibrating the 
ocular scale of the microscope (Thienpont, Rochette and Vanparijs, 
1986). Ten measurements were counted for the diameter of the tubules 
from each animal and the average was calculated. The tubules measured 
were the seminiferous tubules, the terminal segments, the tubuli recti 
(receptacle and main part) and the rete testis. 
II.2. Histochemistry: 
The material used for histochemical investigation was collected from 10 
kids (two animals from each age group). 
II.2.1. Polysaccharides 
        The speciments for the investigation of carbohydrates were fixed in 
Bouin´s solution and Ginder´s solution and processed for the paraffin wax 
sections and then stained with periodic acid Schiff (PAS) technique 
(Culling, 1974). Control sections for glycogen were treated with 0.1% 
malt diastase or saliva for 30 minutes at room temperature.  
II.2.2. Enzymes 
Preparation of frozen sections 
       The specimens used for the frozen sections were cut into small slices 
about (5mm thick) as soon as possible after the kids were slaughtered and 
quickly frozen in liquid nitrogen (-196°c) without any fixation. The 
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frozen sections were cut into 10-12µm thick with Slee cryostat, picked up 
on clean cover slips and stored in Columbia jar at -20°c for later use. 
The stored sections were allowed to dry for 1 minute before staining 
them. Fresh medium was used for each patch of sections. 
II.2.2.1. Acid phosphatase 
        Fresh frozen sections were fixed in acetone at 4°c and stained 
according to the method of Gomori as described by Drury and Wallington 
(1980). The sections were incubated at PH 5.0 for two hours at 37°c using 
the substrate lead nitrate. 
II.2.2.2. Alkaline phosphatase 
         Fresh frozen sections were fixed in acetone at 4°c and stained 
according to the methods of Gomori and Lillie as described by Drury and 
Wallington (1980). The sections were incubated at pH 9.2 for 30 minutes 
at 37°c using the substrate calcium phosphate. 
II.3 Morphometry 
 The specimens used for the morphometric analysis were prepared 
from three groups of animals (3 animals in each group) with the 
following ages: 
1.  5 – 10 weeks of age referred to as group A. 
2. 12 – 18 weeks of age referred to as group B. 
3. 21 weeks of age and onwards referred to as group C. 
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          In all the three groups, the volume of the testis was measured first 
by using water displacement method (Aherne and Dunnil, 1982), after 
dissecting the epididymis and removing. The testis of each animal was 
transversely cut into two halves. Then one block, about 1cm in length, 
was   randomly cut out from each half. The number of the blocks which 
were randomly cut out varied among the different groups (A, B and C). 
        In group A, the testis was cut transversely into two halves and then      
one block was randomly selected and cut out from each half. 
       In group B, the testis was cut transversely into four segments and 
then one block was randomly selected from each segment and cut out. 
  In group C, which was quite different in size from group A and B, 
the testis was cut transversely into six segments and then one block 
was randomly selected from each segment and cut out. The increase in 
the number of the blocks (2 blocks from each kid in group (A), 4 
blocks in group (B) and 6 blocks in group (C)) is due to the increase in 
the size of the testis with advancing age. All blocks were processed for 
routine histological sections. One section from each block was 
completely analyzed field by field, using the point counting technique 
of Weibel (1963) and Hally (1964) so that the data were obtained from 
6 sections in group (A), 12 sections in group (B) and 18 sections in 
group (C), and consequently a total of 36 sections were counted in this 
study. 
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 The results were expressed as a percentage of the testis components 
volume (Vv %). These components included the seminiferous tubules, 
the interstitial connective tissue (Leydig cells, blood vessels and 
fibres), the terminal segments, the tubuli recti, the rete testis and the 
mediastinal connective tissue. 
The absolute volume of each of the testis components was then 
obtained by multiplying Vv by fresh testis volume (i.e. Absolute 
volume = Vv × V). 
The statistical analysis of the data obtained by point-counting was 
restricted to the determination of the means and standard deviation as 
suggested by Weibel (1963). 
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CHAPTER THREE 
RESULTS 
 
III.1. Histology: 
        The intratesticular tubules were classified in this study according to 
their characteristic features into the seminiferous tubules and their tubular 
ducts. The seminiferous tubules were lined by stratified germinal 
epithelium and sertoli cells, while the duct system generally lacked the 
spermatogenic cells and was lined with monolayered epithelium (Fig. 1). 
        The intratesticular tubular ducts were classified also according to their 
proximity to the seminiferous tubules into: the terminal segment of the 
seminiferous tubules, the tubulus rectus and the rete testis (Figs. 1,2). The 
seminiferous tubules occupied the testicular lobules forming the testicular 
parenchyma, while the tubular ducts were situated around and within the 
central axial mediastinal testis (Fig. 3). Some segments were seen 
extending inside the testicular trabeculae or adjacent to them 
III.1.1.   The seminiferous cords and tubules:-  
      At 5-6 weeks of age, the seminiferous cords varied between 39.0 µm 
and 48.0 µm with an average of 42.3 µm in diameter (table 1) and were lined 
by one layer of epithelium surrounded with a boundary of connective tissue 
(Fig. 4). At this age the seminiferous cords possessed a few gonocytes, 
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mostly 1-3 in number in each cross section (Fig. 4). The gonocytes were 
large round cells. The cytoplasm of gonocytes was faintly stained and their 
nuclei were large and spherical and possessed euchromatin (Fig. 5).These 
cells first formed a peripheral layer and divided to give rise to spermatogonia 
and then moved toward the centre of the seminiferous cords and disappeared 
with the starting of the spermatogenic cycle (Fig. 4). The epithelium of the 
seminiferous cords was composed of two major categoreis of cells: 
supporting cells and spermatogonia. Supporting cells (Sertoli cells) had oval 
or spherical nuclei. The nuclei of the Sertoli cells were mostly situated close 
to the basal lamina, and only rarely situated some distance from the basal 
lamina. The nuclei usually possessed prominent nucleoli and fine chromatin 
material (Fig. 6). The cytoplasm of sertoli cells was arranged in long 
cytoplasmic processes which extended toward the interior of the 
seminiferous cords. Spermatogonia were the only germ cells which raised 
from the gonocytes.Their nuclei were round or oval in shape and situated 
close to the basal lamina. Two types of spermatogonium were observed: 
Type A spermatogonia, had spherical or ovoid nucleus and the nucleoplasm 
was dark and had fine chromatin granules or dustlike with one or two 
eccentrally located nucleoli. Type B spermatogonia had small nuclei and the 
nucleoplasm had chromatin granules of varying sizes and one centrally 
located nucleolus. The seminiferous cords had no lumen. The lining 
epithelium of the seminiferous cords rested on a thin basal lamina. The 
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connective tissue surrounding the seminiferous cords consisted of two layers, 
internal zone of fibrous tissue, supported with an external zone of small, dark 
and flat or spindle shaped cells (Fig. 6). The fibrous connective tissue which 
was situated subjacent to the basal lamina consisted mainly of collagenous 
fibres (Fig. 7). The small dark flat or spindle shaped cells were myoid-like 
cells which were arranged in a single layer around the seminiferous cord and 
separated it from the interstitial connective tissue (Fig. 6).  
    The intertubular tissue constituted the framework of the testis and 
consisted of loose fibrous connective tissue that supported the Leydig cells, 
blood vessels, lymphatics and nerves (Fig. 8). The connective tissue cells 
were fibroblasts, macrophages, plasma cells and lymphocytes. The 
distinctive components of the interstitial tissue were epithelioid cells or 
glandular interstitial cells (Leydig cells). These cells were grouped in 
variable numbers or often in clusters of cells (Fig. 4). The process of 
spermatogenesis was not yet started. 
      At 8–10 weeks of age, the seminiferous cords increased slightly in 
diameter which varied between 40.0 µm and 54.0 µm with an average of 
48.8 µm (Table2). The spermatogenic cycle was just started so that primary 
spermatocytes were present as a result of meiotic division of type B 
spermatogonia (Fig. 9). The number of primary spermatocytes was 1 to 5 
cells with an average of 3 cells per cross section. Primary spermatocytes 
were situated away from the basal lamina and accumulated more cytoplasm 
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so that they became distinctly larger than the spermatogonia. The 
seminiferous cords were still without a lumen. The gonocytes were rarely 
seen, only one cell per cross section. 
       At 12–15 weeks of age, the seminiferous cords were increased in 
diameter at the expense of the interstitial tissue and varied between 61.0 µm 
and 87.0 µm with an average of 73.7µm (Table 3). The spermatogenic cycle 
increased in activity so that the seminiferous cords became crowded with 
primary spermatocytes (2 to 9 cells, with an average of 7 cells per cross 
section) (Fig. 10). The gonocytes disappeared completely. The seminiferous 
cords were transformed into seminiferous tubules by acquiring a lumen 
(Fig.10). The lumina of the seminiferous tubules were narrow and 
inconspicuous. At this stage the seminiferous tubules developed a terminal 
segment (Fig. 11). 
        At 17- 18 weeks of age, the diameter of the seminiferous tubules 
varied between 140.8 µm and 205.8 µm, with an average of 173.3 µm (Table 
4). Round and elongated spermatids were present within and on top of the 
stratified epithelium of the seminiferous tubules. The seminiferous tubules 
had a patent lumen and the terminal segment could easily be distinguished 
from the seminiferous tubules proper due to the presence of spermatids in the 
latter (Fig.   12). 
       At 21 weeks of age and onward, the seminiferous tubules were 
enlarged, 162.5 µm to 205.8 µm with an average of 187.4 µm in diameter 
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(table 5), and they had a wide central lumen (Fig. 13). The last products of 
spermatogenesis, spermatozoa, were formed and cleary seen inside the 
lumen of the seminiferous tubules. The fibres of the interstitial tissue were 
numerous and formed the major intertubular component.                                                         
III.2. The terminal segment of the seminiferous tubules:- 
       The term terminal segment has been used by several authors to 
designate a short portion of the seminiferous tubule which joined it to the 
tubulus rectus.  
     The terminal segment of the seminiferous tubules could not be 
identified between the age of 5 and 10 weeks. 
      At 12-15 weeks of age, the terminal segment of the seminferous tubules 
measured between 45.0 µm and 52.0 µm with an average of 49.7 µm in 
diameter (Table 3); and could be distinguished only when their connection 
with the tubulus rectus was established due to the presence of a wide lumen 
of the proximal part of the tubulus rectus (Fig. 11). The terminal segments 
had no lumen. The terminal segments were lined by tall cells with apically 
vaculated cytoplasm and these cells were usually known as modified Sertoli 
cells. The modified Sertoli cells possessed long cytoplasmic processes which 
projected from the sides of the tubules and then protruded for a short 
distance into the cup shaped modification of adjacent tubuli recti forming a 
terminal plug of the terminal segment of the seminiferous tubules (Fig. 11). 
The nuclei of modified Sertoli cells were large and spherical in shape; some 
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of them were oval, and these nuclei usually possessed prominent nucleoli 
and fine chromatin granules distributed mainly in the periphery. Most of the 
nuclei of modified Sertoli cells were localized close to the basal lamina, 
while a few of them were seen some distance from it.  
        At 17–18 weeks of age, the terminal segment of the seminiferous 
tubule varied between 75.81µm and 140.8 µm with an average of 102.0 µm 
in diameter (Table 4) and had aquired a small central lumen. The epithelium 
lining the terminal segment contained tall columnar cells (modified Sertoli 
cells), with often basally situated nuclei. The nuclei were spherical or 
irregular in shape and possessed prominent nucleoli. 
       At 21 weeks of age and onward, the terminal segment of the 
seminiferous tubules measured 97.47 µm to 173.3 µm in diameter with an 
average of 125.6 µm (Table 5). The terminal segment could be subdivided 
into three regions, according to the gradual depletion of their germ cells; 
transitional region, middle portion and terminal plug (Figs. 14, 15, 16). 
      In the transitional region of the terminal segment of the seminiferous 
tubules, the spermatogonia were constantly found along the basal lamina 
together with the modified Sertoli cells, while the spermatocytes were few in 
number and the spermatids and spermatozoa were completely absent (Fig. 
15). 
      In the middle region of the terminal segment, the main lining cells were 
modified Sertoli cells with long vaculated cytoplasm, while the 
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spermatogonia were few in number and spermatocytes were rarely 
encountered(Figs. 15,16,17,18 ). 
        The terminal plug contained only the cytoplasm processes of modified 
Sertoli cells. The modified Sertoli cells had idented nuclei and some of them 
were situated basally in the cells and others were situated some distance 
from the basal lamina (Fig. 19). The nuclei were spherical, or irregular in 
shape. The nucleoli were often dark, small and prominent (Figs. 17, 19). The 
cytoplasm of modified Sertoli cells was lightly stained.  
     Spermatozoa were seen within the apical parts of the modified Sertoli 
cell cytoplasm (Fig. 19). The absence of spermatogonia and the increased 
number of phagocytized spermatozoa strongly marks the beginning of the 
plug cells from the other parts of the terminal segment. All the three parts of 
the terminal segment had a lumen (Fig. 20,33). Spermatozoa and 
desquamated spermatogenic cells were frequently found within the lumen of 
the terminal segment of the seminiferous tubules. 
     A few intraepithelial lymphocytes were seen in between the modified 
Sertoli cells. These lymphocytes were small and irregular and their 
cytoplasm was lightly stained. 
    The modified Sertoli cells rested on a delicate basal lamina which was 
the continuation of that of the seminiferous tubules proper. The connective 
tissue layer was relatively thin and consisted of collagenous fibers and a few 
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reticular fibres (Fig. 22). Small flat or spindle shaped cells surrounded the 
fibrous layer. 
III. 3.  The tubulus rectus 
     The terminal segments of the seminiferous tubules were linked to the 
rete channels by a portion of the intratesticular excurrent ducts known as 
tubuli recti. 
     At 5-6 weeks of age, the tubuli recti were small tubules and had a 
narrow lumen; their diameter varied between 8.0 µm and 12.0 µm with an 
average of 10.0 µm (Table 1). The tubuli recti were lined with a single layer 
of low cuboidal epithelium. 
      At 8-10 weeks of age, the tubuli recti increased slightly in their 
diameter; they varied between 8.01 µm and 21.36 µm with an average of 
14.41 µm (Table 2), and were lined with low cuboidal cells. 
      At 12-15 weeks of age, the tubuli recti were modified into a dilated 
proximal cup shaped part followed by a narrow stalk region (Fig. 11). The 
dilated proximal part of the tubuli recti usually encompassed the protruded 
vaculated cytoplasm of the plug of the terminal segment of the seminiferous 
tubules. The tubuli recti were subdivided into two regions, the first one is the 
dilated proximal part which accommodted the plug of the terminal segment 
and known as the receptacle, The diameter of this region varied between 30 
µm and 40 µm with an average of 34 µm (Table 3).  The tubuli recti, when 
seen in cross section near the junction between the terminal segments and the 
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receptacle, contained a central accumulation of the apical portions of the 
cells of the terminal segments separated by a narrow space from the lining 
epithelium of the tubuli recti. At the junction between the terminal segment 
of the seminiferous tubule and the tubulus rectus, the epithelium changed 
abruptly from tall cells of the terminal segment to low cells of the receptacle. 
The epithelium lining the receptacle varied between simple squamous and 
low cuboidal cells. 
     The second part of the tubuli recti was a narrow stalk region which 
joined the receptacle, and known as the main narrow part. The diameter 
varied between 25 µm and 28 µm with an average of 26 µm (Table 3). The 
epithelium lining the main part was simple low cuboidal cells.  
       At 17-18 weeks of age, the diameter of the receptacle varied between 
86.64 µm and 97.47 µm with an average of 93.86 µm (Table 4) and was 
lined with simple flattened and low cuboidal cells (Fig.  23). The main part 
reached 43.32 µm to 64.98 µm in diameter with an average of 48.74 µm 
(Table 4). The epithelium lining the main part was low cuboidal. 
        At 21 weeks of age and onwards, the diameter of the receptacle 
reached 86.64 µm to 129.96 µm with an average of 102.89 µm (table 5). The 
main part reached 54.15 µm to 64.98 µm with an average of 59.57 µm (table 
5). The tubuli recti were distributed in the testicular parenchyma mainly in 
the connective tissue which extended radially from the mediastinum to the 
septulae testis. 
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       The receptacle was usually lined with low cells that varied between 
simple squamous and low cuboidal cells (Fig. 24). The nuclei of the cells 
lining the receptacle were either ovoid with their long axis parallel to the 
basal lamina or round and often situated in the bases of the cells. The 
epithelium lining the main part was simple low cuboidal with rounded nuclei 
mostly situated in the centre of the cells (Fig. 25).  
      Intraepithelial lymphocytes were less conspicuous within the 
epithelium lining the tubuli recti, specially the receptacles, while a few 
intraepithelial lymphocytes were seen within the main parts and located into 
dilated intercellular spaces. 
The tubular lumen of the main part was usually empty but some times 
spermatozoa or degenerated spermatogenic cells were seen.  
The tubuli recti, like the terminal segment, rested on a delicate basal lamina 
which consisted of collagenous fibers and a network of reticular fibers and 
surrounded by small flat or spindle shaped dark cells.  
III.1.4. The rete testis 
     The rete testis was in the form of a group of channels occupying an 
axial and centrally located fibrous mediastinum testis (Fig. 3). The rete testis 
and its mediastinum coursed through about two–thirds of the length of the 
central longitudinal axis of the testis. Some of the channels extended from 
the mediastinum to the, septulae testis where the fibrous connective tissue of 
the mediastinum into the testicular parenchyma.The extended fibrous 
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connective tissue of the mediastinum extended into the septulae testis 
divided the testicular parenchyma into lobules occupied by the seminiferous 
tubules. 
     At 5-6 weeks of age, the rete testis was in the form of small channels, 
less intercommunicating, and their width varied between 13.35 µm and 38.0 
µm with an average of 31.0 µm (table 1). Some of the channels coursed 
parallel to each other (Fig. 26). The rete channels were lined mainly with 
pseudostratified columnar epithelium (Fig. 26). Patches of low cuboidal cells 
were observed lining some areas of the rete (Figs. 26, 28). The rete channels 
possessed conspicuous lumina (Fig. 27). Fibroblast and undifferentiated 
mesenchymal cells were distributed throughout the mediastinum around the 
rete channels (Fig. 27). Groups of Leydig cells were seen near the rete 
channels in the mediastinum connective tissue (Fig. 29). 
        The epithelium lining the rete testis rested upon a conspicuous basal 
lamina. The connective tissue of the mediastinum was abundant and 
consisted of bundles of collagen fibres and reticular fibres (Fig. 32).  
       Blood and lymphatic vessels were seen coursing throughout the 
mediastinal connective tissue but mainly in the periphery of the 
mediastinum. 
     At 8-10 weeks of age, the width of the rete channels varied between 
22.0 µm and 45.39 µm with an average of 31.27 µm (Table 2). The rete 
channels were still parallel to each other (Fig. 30). Many types of epithelial 
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cells lined the rete testis such as simple squamous, simple low cuboidal and 
pseudostratified columnar epithelium. Fibroblasts and undifferentiated 
mesenchymal cells were found. Leydig cells were also observed. 
       At 12-15 weeks of age, the rete width varied between 25.0 µm and 
62.0 µm with an average of 37.9 µm (Table 3). The main epithelium lining 
the rete was pseudostratified columnar epithelium; some of the channels 
were lined with simple cuboidal epithelium. 
     At 17-18 weeks of age, the rete width varied between 32.49 µm and 
119.1 µm with an average of 68.23 µm (Table 4). The epithelial lining of the 
rete channels was simple squamous or low cuboidal (Fig.  31). The rete 
channels were still less intercomunicating. 
      At 21 weeks of age and onward, the rete width varied between 97.47 
µm and 270.8 µm with an average of 162.4 µm (Table 5). The rete testis 
could be subdivided into septulae, mediastinal and extratesticular portions. 
The extratesticular rete is usually located outside the testis. 
The mediastinum rete channels tended to anastamose and 
intercommunicate and then became large and more intercommunicating and 
anastomosing cavities. The main epithelium lining the rete cavities was 
simple squamous, but also low cuboidal epithelial cells were observed lining 
some areas of the re 
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The diameters of the developing seminiferous tubules and their 
intratesticular excurrent ducts in the different age groups were 
documented in the following tables. 
 
Table (1): 5 to 6 weeks of age. 
Diameter (µm) 
Average Maximum Minimum 
Tubule Segment 
42.3 48.0 39.0 Seminiferous 
cords 
10.0 12.0 8.0 Tubuli recti 
31.0 38.0 13.35 Rete testis 
 
 
Table (2): 8 to 10 weeks of age. 
Diameter (µm) 
Average Maximum Minimum 
Tubule Segment 
48.8 54.0 40.0 Seminiferous  
Cords 
14.41 21.36 8.01 Tubuli recti 
31.27 45.39 22.0 Rete testis 
 
Table (3): 12 to 15 weeks of age. 
Diameter (µm) 
Average Maximum Minimum 
Tubule Segment 
73.7 87.0 61.0 Seminiferous tubules 
49.7 52.0 45.0 Terminal segments 
34.0 40.0 30.0 Receptacle of TR 
25.0 28.0 25.0 Main part of TR 
37.9 62.0 25.0 Rete testis 
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Table (4): 17 to 18 weeks of age. 
Diameter (µm) 
Average Maximum Minimum 
Tubule Segment 
173.3 205.8 140.8 Seminiferous tubules 
102.0 140.8 75.81 Terminal segments 
93.86 97.47 86.64 Receptacle of TR 
48.74 64.98 43.32 Main part of TR 
68.23 119.1 32.49 Rete testis 
 
 
 
Table (5): 21 weeks of age and onwards.  
Diameter (µm) 
Average Maximum Minimum 
Tubule Segment 
187.4 205.8 162.5 Seminiferous tubules 
125.6 173.3 97.47 Terminal segments 
102.89 129.96 86.64 Receptacle of TR 
59.57 64.98 54.15 Main part of TR 
162.4 270.8 97.47 Rete testis 
 
TR: Tubuli recti. 
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III.2. Histohemistry: 
III.2.1. Polysaccharides 
       A varying degree of positive reaction for PAS diastase resistant 
material and diastase digested material was seen. 
The boundary tissue of the intratesticular tubules showed a positive 
reaction for PAS distase resistant material in all groups of kids studied 
(Figs. 35,40). The reaction was strong in the basement membrane of the 
seminiferous cords whereas the strongest reaction was seen in the 
boundary tissue of the rete testis. The epithelium lining the seminiferous 
cords gave a negative reaction (Fig. 37). The epithelium of the 
seminiferous tubules of sexually mature group showed a moderate 
reaction. 
       The presence of PAS diastase digested material (glycogen) varied 
between the seminiferous cords (Figs. 34, 35). A large number of fine 
glycogen granules were seen within the cytoplasm of the epithelium of 
some of the seminiferous cords, while some other cords showed moderate 
number and still some other seminiferous cords contained a few number 
of scattered glycogen granules or none at all (Figs. 36, 37). 
      A large number of PAS positive granules resistant to diastase 
digestion were seen within the cytoplasm of the rete testis (Fig. 40). The 
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number of the granules gradually decreased with advancing age until 
became a few in the mature kids.  
         The seminiferous tubules, after their transformation from the 
seminiferous cords, contained a few number of fine glycogen granules, 
less than that of the seminiferous cords. 
The basement membrane of the terminal segment of the seminiferous 
tubules showed astrong reaction for PAS, that markedly demarcated the 
terminal segment from the seminiferous tubule proper (Fig. 41). The 
epithelium lining the terminal segment contained a few fine glycogen 
particles.  
         The receptacle and the main part of the tubulus rectus showed also a 
strong reaction (Fig. 41). Blood vessels and the interstitial connective 
tissue around them gave a weak reaction in the young groups and a 
moderate reaction in the sexually mature group. 
        The basement membrane of the rete testis of sexually mature group 
of kids and the rete contents also gave a strong reaction (Figs. 42, 43). 
III. 2.2. Enzymes 
III.2.2.1. Acid phosphatase 
         A positive reaction for the enzyme acid phosphatase was seen in all 
the intraresticular tubules. The reaction was detected in the cytoplasm of 
the lining epithelium, while the basement membrane showed a weak 
reaction (Fig. 44). 
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           The epithelium lining the seminiferous cords showed positive 
reaction which increased slightly with advancing age until it became very 
strong in the sexually mature kids (Figs. 45, 46, 47). The reaction was 
more intense at the basal layers of the seminiferous tubules epithelium 
than that of the luminal layer (Fig.  47). Blood vessels and interstitial 
connective tissue revealed a negative reaction in all age groups of kids, 
while the interstitial cells reacted very strongly (Fig. 44). 
         The epithelium lining the terminal segment of the seminiferous 
tubule demonstrated a positive reaction for acid phosphatase and the 
intensity of the reaction increased steadily with advancing age (Fig. 47). 
The tubulus rectus and the rete testis also gave a strong reaction. 
III.2.2.2. Alkaline phosphatase 
         The basement membrane of all intratesticular tubules reacted 
positively for the enzyme alkaline phosphatase in all groups of kids. The 
cytoplasm of the lining epithelium gave a positive reaction but the 
intensity and localization of the reaction varied. 
The reaction was strong in the basement membrane of the seminiferous 
cords, and very strong reaction was seen in the cytoplasm of the 
epithelium lining the seminiferous cords (Fig. 48). The reaction of the 
enzyme alkaline phosphatase was very week in the peritubular connective 
tissue (Fig. 49). Blood vessels showed negative reaction while the 
interstitial cells reacted strongly (Fig. 50).  
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     The basement membrane and the epithelium which lined the 
seminiferous tubules of kids at the age of 12-15 weeks also gave a strong 
reaction but less than that of the seminiferous cords and the reaction in 
the lining epithelium was in the form of small areas of dense reaction 
(Fig. 51). 
The terminal segment of the seminiferous tubule, when developed, 
showed astrong reaction in the basement membrane, more than that of the 
seminiferous tubule proper. The epithelium lining the terminal segment 
also gave areaction stronger than that of the seminiferous tubule 
epithelium. 
        The receptacle and the main part of the tubulus rectus gave a strong 
reaction for alkaline phosphatase in their basement membrane.  
The reaction in the interstitial tissue was weak and similar to that of the 
tissue surrounding the seminiferous tubules. 
          The rete testis basement membrane revealed a strong alkaline 
phosphatase reaction in all groups of kids studied. The luminal border of 
the lining epithelium and the mediastinal aconnective tissue demonstrated 
negative reaction for the enzyme alkaline phosphatase. 
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III.3. Morphometry 
       The morphometric analysis of the testis of the three groups of kids 
was illustrated in the tables 6-25. 
          The absolute volume of the fresh testis in group (A) varied between 
2cm3 and 3cm3 with an average of 2.333cm3± 0.577. While the volume 
was increased in group (B) in which it varied between 10cm3 and 33cm3 
with an average of 21cm3± 11.53 and further increased in sexually mature 
kids (group C) and varied between 50cm3 and 70cm3 with an average of 
61.66cm3 ± 10.41. 
         The morphometric analysis of the data revealed that the 
seminiferous cords gave a value which varied between 36.95c% 
(1.108cm3) and 40.99% (0.820cm3) with an average of 38.60% 
(0.895cm3±0.187) of the testicular volume; but when the cords were 
transformed into seminiferous tubules in group (B) the value varied 
between 50.89% (16.79cm3) and 62.36% (6.236cm3) with an average of 
55.40% (11.21cm3 ± 5.303) of the volume of the testis and reached a 
value varied between 66.04% (45.23cm3) and 76.87% (49.96cm3) with an 
average of 70.93% (43.70cm3 ± 7.809) of the volume in group (C). 
         The interstitial connective tissue constituted about a value which 
varied between 39.50% (0.790cm3) and 49.89% (1.497cm3) with an 
average of 46.30% (1.092cm3± 0.364) of the testicular volume in group 
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(A) and varied between 25.09% (8.280cm3) and 37.41% (7.482cm3) with 
an average of 32.19% (6.390cm3 ± 2.614) of the volume in group (B), 
while this value reached a value varied between 17.09% (11.11cm3) and 
24.50% (17.15cm3) with an average of 21.66% (13.32cm3 ±3.329) of the 
volume in group (C). 
         The terminal segment of the seminiferous tubules, when developed 
in group (B) gave a value which varied between 0.017% (0.002cm3) and 
0.087% (0.017cm3) with an average of 0.046% (0.010cm3± 0.007) of the 
testicular volume and reached a value that varied between 0.054% 
(0.035cm3) and 0.279% (0.140cm3) with an average of 0.137% 
(0.077cm3± 0.055) of the volume in group (C). 
         The tubulus rectus represented a value which varied between 
0.047% (0.001cm3) and 0.091% (0.003cm3) with an average of 0.067% 
(0.002cm3± 0.001) of the testicular volume in group (A). The value 
varied between 0.070% (0.007cm3) and 0.241% (0.048cm3) with an 
average of 0.129% (0.027cm3± 0.020) of the testicular volume in group 
(B) and varied between 0.142% (0.099cm3) and 0.256% (0.128cm3) with 
an average of 0.200% (0.120cm3± 0.018) of the testicular volume in 
group (C).  
          The mediastinal connective tissue gave a value which varied 
between 9.710% (0.291cm3) and 16.02% (0.320cm3) with an average of 
11.89% (0.270cm3±0.063) of the volume of the testis in group (A); varied 
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between 2.184% (0.218cm3) and 14.27% (4.709cm3) with an average of 
7.900% (2.125cm3± 2.320) of the volume in group (B), while the value 
varied between 2.949% (1.917cm3) and 6.270% (4.389cm3) with an 
average of 4.753% (2.942cm3±1.288) of the testicular volume in group 
(C).  
            The rete testis constituted a value that varied between 2.631% 
(0.053cm³) and 3.426% (0.069cm³) with an average of 3.138% 
(0.074cm³±0.024) of the volume of the testis in group (A), and varied 
between 1.310% (0.131cm³) and 9.631% (3.178cm³) with an average of 
4.324% (1.238cm³±1.685) of the testicular volume in group (B), and 
between 1.093% (0.547cm³) and 2.966% (2.076cm³) with an average of 
2.297% (1.488cm³±0.823) of the testicular  volume in group (C). 
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Table (6): The data obtained by points counting fields of sample 
section of the testis of animal No.1 in group (A). 
 
 
SC     Seminiferous Cords. 
ICT     Interstitial connective tissue. 
TS      Terminal segment of the seminiferous tubule. 
TR      Tubulus rectus   
MCT   Mediastinal connective tissue. 
RT      Rete testis channels. 
 
 
 
F.  NO SC ICT TS TR MCT RT Total 
 
1 47 63 - - - - 110 
2 41 57 - - - 2 100 
3 45 55 - - - - 100 
4 46 54 - - - - 100 
5 39 61 - - - - 100 
6 29 23 - - 38 10 100 
7 39 54 - - 6 1 100 
8 34 61 - 1 4 - 100 
9 31 69 - - - - 100 
10 38 33 - - 27 2 100 
11 18 12 - - 56 14 100 
12 34 33 - - 25 8 100 
13 44 53 - - 3 - 100 
14 43 57 - - - - 100 
15 37 63 - - - - 100 
16 44 56 - - - - 100 
17 46 54 - - - - 100 
18 39 50 - - 9 2 100 
19 19 18 - - 42 15 94 
20 43 53 - - 3 1 100 
21 39 41 - - 15 5 100 
22 42 52 - - 6 - 100 
23 39 61 - - - - 100 
24 34 66 - - - - 100 
25 52 48 - - - - 100 
26 52 48 - - - - 100 
Total 1014 1295 - 1 234 60 2604 
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Table (7): The data obtained by points counting fields of sample 
section of the testis of animal No.3 in group (B). 
 
 
 
 
 
 
 
F .NO ST ICT TS TR MCT RT Total 
 
1 72 38 - - - - 110 
2 74 36 - - - - 110 
3 69 41 - - - - 110 
4 77 33 - - - - 110 
5 63 36 1 - - - 100 
6 64 36 - - - - 100 
7 65 34 - 1 - - 100 
8 62 38 - - - - 100 
9 64 36 - - - - 100 
10 61 39 - - - - 100 
11 65 35 - - - - 100 
12 56 44 - - - - 100 
13 61 39 - - - - 100 
14 63 37 - - - - 100 
15 63 37 - - - - 100 
16 56 41 - - - - 97 
17 61 38 - 1 - - 100 
18 62 38 - - - - 100 
19 61 39 - - - - 100 
20 65 35 - - - - 100 
21 63 34 2 1 - - 100 
22 62 38 - - - - 100 
23 63 37 - - - - 100 
24 61 39 - - - - 100 
25 60 40 - - - - 100 
26 58 42 - - - - 100 
27 64 36 - - - - 100 
28 62 38 - - - - 100 
29 62 38 - - - - 100 
30 61 39 - - - - 100 
31 53 45 - 2 - - 100 
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F.No ST ICT TS TR MCT RT Total 
 
32 62 38 - - - - 100 
33 63 37 - - - - 100 
34 64 36 - - - - 100 
35 58 42 - 1 - - 100 
Total 2199 1329 3 6 - - 3537 
 
 
 
ST    Seminiferous tubule. 
ICT   Interstitial connective tissue. 
TS   Terminal segment. 
TR   Tubulus rectus. 
 MCT   Mediastinal connective tissue. 
RT     Rete testis channels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
62
Table (8): The data obtained by points counting fields of sample 
section of the testis of animal No.1 in group (C). 
 
F No. ST ICT TS TR MCT RT Total 
 
1 88 22 - - - - 110 
2 90 20 - - - - 110 
3 65 15 1 1 15 3 100 
4 83 12 - - 5 - 100 
5 85 10 - - - - 95 
6 88 12 - - - - 100 
7 86 14 - - - - 100 
8 83 12 - 2 3 - 100 
9 88 10 - - 2 - 100 
10 90 10 - - - - 100 
11 88 12 - - - - 100 
12 78 12 - - - - 90 
13 60 12 2 3 20 3 100 
14 72 12 1 - 15 - 100 
15 75 15 - - 10 - 100 
16 87 11 - 2 - - 100 
17 85 15 - - - - 100 
18 90 10 - - - - 100 
19 91 9 - - - - 100 
20 86 14 - - - - 100 
21 90 9 - 1 - - 100 
22 89 11 - - - - 100 
23 89 11 - - - - 100 
24 86 9 - - - - 95 
25 83 7 - - 10 - 100 
26 84 10 - 1 5 - 100 
27 87 13 - - - - 100 
28 88 12 - - - - 100 
29 89 10 1 - - - 100 
30 90 10 - - - - 100 
31 91 7 - 2 - - 100 
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F. No ST ICT TS TR MCT RT Total 
 
32 84 11 1 2 2 - 100 
33 88 9 - - 3 - 100 
34 77 12 - - 10 1 100 
Total 2873 400 6 14 100 7 3400 
 
 
 
ST   Seminiferous tubule. 
ICT   Interstitial onnective tissue. 
TS   Terminal segment. 
TR   Tubulus rectus. 
MCT   Mediastinal connective tissue. 
RT    Rete testis channels. 
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Table (9): Animal No.1 (group A): The total points counted, the 
volume fraction and the absolute volume of each component of goat 
testis. 
 
Section
No. 
SC ICT TS TR MCT RT Total 
 
1 1014 1295 - 1 234 60 2604 
2 584 793 - 1 185 51 1614 
Total 1598 2088 - 2 419 111 4218 
V.v 37.89% 49.50% - 0.047% 9.933% 2.631% 100% 
Abs.v. 0.758 
cm3 
0.990 
cm3 
- 0.001 
cm3 
0.19 
9cm3 
0.053 
cm3 
2 
cm3 
 
 
 
 
Table (10): Animal No.2 (groupA): The total points counted, the 
volume fraction and the absolute volume of each component of goat 
testis. 
 
Section
No. 
SC ICT TS TR MCT RT Total 
 
1 466.0 607.0 - - 379.0 111.0 1563 
2 1520 1307 - 3.000 397.0 55.00 3282 
Total 1986 1914 - 3.000 776.0 166.0 4845 
V.v 40.99% 39.50% - 0.062% 16.02% 3.426% 100% 
Abs.v 0.820 
cm3 
0.790 
cm3 
- 0.001 
cm3 
0.320 
cm3 
0.069 
cm3 
2 
cm3 
 
 
SC   Seminiferous cords. 
ICT   Interstitial connective tissue. 
TS   Terminal segment. 
TR   Tubulus rectus. 
MCT  Mediastinal connective tissue. 
RT    Rete testis channels  
Vv   Volume fraction. 
Abs.v  Absolute volume. 
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Table (11): Animal No.3 (group A) :The total points counted, the 
volume fraction and the absolute volume of each component of goat 
testis. 
 
Section 
No. 
SC ICT TS TR MCT RT Total 
1 615.0 904.0 - 3.000 194.0 88.00 1804 
2 1014 1295 - 1.000 234.0 60.00 2604 
Total 1629 2199 - 4.000 428.0 148.0 4408 
V.v 36.95% 49.89% - 0.091% 9.710% 3.357% 100% 
Abs.v 1.108 
cm3 
1.497c
m3 
- 0.003 
cm3 
0.291 
cm3 
0.101 
cm3 
3 
cm3 
 
 
SC     Seminiferous cord. 
ICT     Interstitial connective tissue. 
TS    Terminal segment. 
TR    Tubulus rectus. 
MCT     Mediastinal connective tissue.  
RT    Rete testis channels. 
Vv.    Volume fraction. 
Abs.v    Absolute volume. 
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Table (12): Animal No.1 (group B): The total points counted, the 
volume fraction and the absolute volume of each component of goat 
testis. 
Section 
No. 
ST ICT TS TR MCT RT Total 
1 1400 1000 3 10 204 70 2687 
2 793 584 _ 1 150 60 1588 
3 1520 1020 1 2 300 55 2898 
4 1110 802 4 9 6 _ 1931 
Total 4823 3406 8 22 660 185 9104 
Vv. 52.98% 37.41% 0.087% 0.241% 7.250% 2.032% 100% 
Abs.v 10.59 
cm³ 
7.482 
cm³ 
 
0.017 
cm³ 
 
0.048 
cm³ 
 
1.450 
cm³ 
 
0.406 
cm³ 
 
20 
cm³ 
 
 
 
Table (13): Animal No.2 (group B): The total points counted, the 
volume fraction and the absolute volume of each component of goat 
testis. 
Section 
No. 
ST ICT TS TR MCT RT Total 
1 1220 715 -- -- 13 2 1950 
2 832 414 1 2 90 60 1399 
3 915 520 -- -- 20 13 1468 
4 602 300 -- 2 2 -- 609 
Total 3569 1949 1 4 125 75 5723 
V.v 62.36% 34.06% 0.017% 0.070% 2.184% 1.310% 100% 
Abs.v 6.236 
cm³ 
 
3.406 
cm³ 
 
0.002 
cm³ 
 
0.007 
cm³ 
 
0.218 
cm³ 
 
0.131 
cm³ 
 
10 
cm³ 
 
 
 
ST      Seminiferous tubules 
ICT      Interstitial connective tissue 
TS      Terminal segment. 
TR     Tubulus rectus. 
MCT      Mediastinal connective tissue. 
RT     Rete testis channels 
Vv.     Volume fraction. 
Abs.v   Absolute volume. 
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Table (14): Animal No.3 (group B): The total points counted, the 
volume fraction and the absolute volume of each component of goat 
testis. 
 
Section 
No. 
ST ICT TS TR MCT RT Total 
1 2199 1329 3 6 -- -- 3537 
2 1614 705 -- 2 660 510 3491 
3 616 225 -- -- 992 614 2447 
4 1510 670 1 1 13 -- 2195 
Total 5939 2929 4 9 1665 1124 11670
V.v 50.89% 25.09% 0.034% 0.077% 14.27% 9.631% 100% 
Abs.v 16.79 
cm³ 
 
8.280 
cm³ 
 
0.011 
cm³ 
 
0.025 
cm³ 
 
4.709 
cm³ 
 
3.178 
cm³ 
 
33 
cm³ 
 
 
 
 
 
ST     Seminiferous tubules. 
ICT      Interstitial connective tissue. 
TS      Terminal segment. 
TR       Tubulus rectus. 
MCT       Mediastinal connective tissue. 
RT      Rete testis channels. 
Vv       Volume fraction 
Abs.v     Absolute volume. 
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Table (15): Animal No.1 (group C): The total points counted, the 
volume fraction and the absolute volume of each component of the 
testis of goat. 
Section 
No. 
ST ICT TS TR MCT RT Total 
1 2873 400 6 14 100 7 3400 
2 3950 250 2 10 25 _ 4237 
3 6212 1780 6 20 233 78 8329 
4 4790 1300 -- 7 300 90 6487 
5 3987 1162 1 16 131 380 5677 
6 3970 838 3 1 200 395 5407 
Total 25782 5730 18 68 989 950 33537
V.v 76.87% 17.09% 0.054% 0.203% 2.949% 2.833% 100% 
Abs.v 49.96 
cm³ 
 
11.11 
cm³ 
 
0.035 
cm³ 
 
0.132 
cm³ 
 
1.917 
cm³ 
 
1.841 
cm³ 
 
65 
cm³ 
 
 
Table (16): Animal No.2 (group C): The total points counted, the 
volume fraction and the absolute volume of each component of the 
testis of goat. 
Section 
No. 
ST ICT TS TR MCT RT Total 
1 3800 1750 3 10 500 212 6275 
2 3038 1150 1 3 306 100 4598 
3 4200 1516 8 18 237 116 6095 
4 3000 2000 6 4 341 200 5551 
5 4650 1200 9 12 400 201 6472 
6 4002 800 -- 2 370 190 5364 
Total 22690 8416 27 49 2154 1019 34355
V.v 66.04% 24.50% 0.079% 0.142% 6.270% 2.966% 100% 
Abs.v 46.23 
cm³ 
 
17.15 
cm³ 
 
0.055 
cm³ 
 
0.099 
cm³ 
 
4.389 
cm³ 
 
2.076 
cm³ 
 
70 
cm³ 
 
 
ST     Seminiferous tubule. 
ICT      Interstitial connective tissue. 
TS      Terminal segment. 
TR      Tubulus rectus. 
MCT      Mediastinal connective tissue. 
RT      Rete testis channels. 
V.v       Volume fraction. 
Abs.v    Absolute volume. 
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Table (17): Animal N0. 3 (group C): The total points counted,the 
volume fraction and the absolute volume of each component of the 
testis of goat. 
 
Section 
No. 
ST ICT TS TR MCT RT Total 
1 4206 1100 22 9 337 100 5774 
2 3204 900 10 4 100 42 4260 
3 4000 1750 17 19 300 37 6123 
4 3885 1250 15 10 132 4 5296 
5 3000 1128 15 32 500 42 4717 
6 3000 1000 6 4 167 108 4285 
Total 21295 7128 85 78 1536 333 30455
V.v 69.92% 23.40% 0.279% 0.256% 5.044% 1.093% 100% 
Abs.v 34.96 
cm³ 
 
11.70 
cm³ 
 
0.140 
cm³ 
 
0.128 
cm³ 
 
2.522 
cm³ 
 
0.547 
cm³ 
 
50 
cm³ 
 
 
 
 
 
 
ST      Seminiferous tubule. 
ICT       Interstitial connective tissue. 
TS       Terminal segment. 
TR       Tubulus rectus. 
MCT   Mediastinal connective tissue. 
RT       Rete testis channels. 
Vv.       Volume fraction. 
Abs.v    Absolute volume. 
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Table (18): The volume fraction and standard deviation of each 
component of the testis in  group (A) and their mean values. 
 
 
Animal 
No. 
SC 
(Vv)% 
ICT 
(Vv)% 
TR 
(Vv)% 
MCT  
(Vv.)% 
RT 
(Vv.)% 
Total 
(Vv.)% 
 
1 37.89 49.50 0.047 9.933 2.631 100 
2 40.99 39.50 0.062 16.02 3.426 100 
3 36.95 49.89 0.091 9.710 3.357 100 
Total 115.8 138.9 0.200 35.66 9.414 300 
Mean 38.60 46.30 0.067 11.89 3.138 100 
S.D 2.114 5.889 0.022 3.58 0.44  
 
 
 
 
 
 
 
SC    Seminiferous cord. 
ICT      Interstitial connective tissue. 
TS     Terminal segment. 
TR     Tubulus rectus. 
MCT   Mediastinal connective tissue. 
RT      Rete testis channels. 
Vv       volume fraction. 
SD       Standard deviation. 
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Table (19): The volume fraction and standard deviation of each 
component of the testes in group (B) and their mean values. 
 
Animal 
No. 
ST 
(Vv.)% 
ICT 
(Vv.)%
TS 
(Vv.)%
TR 
(Vv.)%
MCT 
(Vv.)%
RT 
(Vv.)% 
Total 
(Vv.)%
1 52.98 37.41 0.087 0.241 7.250 2.032 100 
2 62.36 34.06 0.017 0.070 2.184 1.310 100 
3 50.89 25.09 0.034 0.077 14.27 9.631 100 
Total 166.2 96.56 0.138 0.388 23.70 12.97 300 
Mean 55.40 32.19 0.046 0.129 7.900 4.324 100 
SD 6.108 6.37 0.036 0.096 6.069 4.609  
 
 
 
Table (20): The volume fraction and standard deviation of each 
component of the testes in group (C) and their mean values. 
 
Animal 
No. 
ST 
(Vv.)% 
ICT 
(Vv.)%
TS 
(Vv.)%
TR 
(Vv.)%
MCT 
(Vv.)%
RT 
(Vv.)% 
Total 
(Vv.)%
1 76.87 17.09 0.054 0.203 2.949 2.833 100 
2 66.04 24.50 0.079 0.142 6.270 2.966 100 
3 69.92 23.40 0.279 0.256 5.044 1.093 100 
Total 212.8 64.99 0.412 0.601 14.26 6.892 300 
Mean 70.93 21.66 0.137 0.200 4.753 2.297 100 
SD 
 
5.487 3.998 0.123 0.057 1.679 1.o45  
 
 
 
ST     Seminiferous tubule. 
ICT      Interstitial connective tissue. 
TS      Terminal segment. 
TR     Tubulus rectus. 
MCT    Mediastinal connective tissue. 
RT       Rete testis channels. 
Vv.      Volume fraction. 
SD       Standard deviation. 
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Table (21): The absolute volume and standard deviation of each 
component of the testes in group (A) and their mean values. 
 
 
Animal. 
No. 
SC  
Abs.V. 
cm³ 
 
ICT 
Abs.V. 
cm³ 
 
 
TR 
Abs.v. 
cm³ 
 
MCT   
Abs.v. 
cm³ 
 
RT 
Abs.v 
cm³ 
 
Total 
Abs.v. 
cm3 
 
1 0.758 0.990 0.001 0.199 0.053 2 
2 0.820 0.790 0.001 0.320 0.069 2 
3 1.108 1.497 0.003 0.291 0.101 3 
Total 2.686 3.277 0.005 0.810 0.223 7 
Mean 0.895 1.092 0.002 0.270 0.074 2.333 
S.D 
 
0.187 0.364 0.001 0.063 0.024 0.577 
 
 
 
 
SC    Seminiferous cord. 
ICT   Interstitial connective tissue. 
TS      Terminal segment. 
TR       Tubulus rectus. 
 M       Mediastinal connective tissue. 
RT      Rete testis channels. 
Abs.v    Absolute volume. 
SD      Standard deviation. 
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Table (22): The absolute volume and standard deviation of each 
component of the testis in group (B) and their mean values. 
 
Animal 
No. 
ST 
Abs.v. 
cm³ 
ICT 
Abs.v. 
cm³ 
 
TS 
Abs.v. 
cm³ 
 
TR 
Abs.v. 
cm³ 
 
MCT 
Abs.v. 
cm³ 
 
RT 
Abs.v. 
cm³ 
 
Total 
Abs.v. 
cm³ 
 
1 10.59 7.482 0.017 0.048 1.450 0.406 20 
2 6.236 3.406 0.002 0.007 0.218 0.131 10 
3 16.79 8.280 0.011 0.025 4.709 3.178 33 
Total 33.62 19.17 0.030 0.08 6.377 3.715 63 
Mean 11.21 6.390 0.010 0.027 2.125 1.238 21 
SD 
 
5.303 2.614 0.007 0.020 2.320 1.685 11.53 
 
 
Table (23): The absolute volume and standard deviation of each 
component of the testis in group (C) and their mean values. 
 
Animal 
No. 
ST 
Abs.v. 
cm³ 
 
ICT 
Abs.v. 
cm³ 
 
TS 
Abs.v. 
cm³ 
 
TR 
Abs.v 
cm³ 
 
MCT 
Abs.v. 
cm³ 
 
RT 
Abs.v. 
cm³ 
 
Total 
Abs.v. 
cm³ 
 
1 49.96 11.11 0.035 0.132 1.917 1.841 65 
2 46.23 17.15 0.055 0.099 4.389 2.076 70 
3 34.96 11.70 0.140 0.128 2.522 0.547 50 
Total 131.2 39.96 0.230 0.359 8.828 4.464 185 
Mean 43.70 13.32 0.077 0.120 2.942 1.488 61.66 
SD 7.809 3.329 0.055 0.018 1.288 0.823 10.41 
 
 
 
 ST    Seminiferous tubule. 
ICT   Interstitial connective tissue. 
TS    Terminal segment. 
TR    Tubulus rectus. 
MCT   Mediastinal connective tissue. 
RT     Rete testis channels. 
Abs.v  Absolute volume. 
SD    Standard deviation 
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Table(24): Asummary of the result shown in table 16&17. 
 
 
Animl  SC  ICT  TR  MCT  RT  Total
             
group  % Cm3 
 
% Cm3 
 
% Cm3 
 
% Cm3 
 
% Cm3 
 
 
             
  38.60 0.895 46.30 1.092 0.067 0.002 11.89 0.270 3.138 0.074  
A  ± ± ± ± ± ± ± ± ± ± 2.333
  2.114 0.187 5.889 0.364 0.022 0.001 3.58 0.063 0.44 0.024  
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Table (25): A summary of the results shown in tables 17,18,20&21. 
 
Animal 
 
ST  ICT  TS  TR  MCT  RT  Total
groups % Cm3 
 
% Cm3 
 
% Cm3 
 
% Cm3 
 
% Cm3 
 
% Cm3 
 
 
 55.40 11.21 32.19 6.390 0.046 0.01 0.129 0.027 7.90 2.125 4.323
 
1.238  
B\ ± ± ± ± ± ± ± ± ± ± ± ± 21 
 6.108 5.303 6.37 2.614 0.036 0.007 0.096 0.020 6.069 2.320 4.609 1.685  
 70.93 43.70 21.66 13.32 0.137 0.077 0.20 0.120 4.753 2.942 2.297 1.488  
C ± ± ± ± ± ± ± ± ± ± ± ± 61.66
 5.487 7.809 3.998 3.329 0.123 0.055 0.057 0.018 1.679 1.288 1.045 0.823  
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CHAPTER FOUR 
DISCUSSION 
IV.1. Histology     
           Dellmann and Wrobel (1981) and Bloom and Fawcett (1986) 
classified the intratesticular tubules into the seminiferous tubules and 
their excurrent ducts. Osman (1978) classified the intratesticular 
excurrent ducts of the goat into: the terminal segment of the seminiferous 
tubule, the tubulus rectus and the rete testis. This classification is adopted 
in the present study. 
IV.1.1 .The seminiferous cords and tubules: 
          The term seminiferous cords was used by several authors to 
designate the seminiferous tubules before acquiring  lumina in many 
mammals such as the bull calf (Johnson et al.,1970), rat (Vitale et al., 
1973) and ram (Nilnophakoon,1978). However, some authors used the 
term sex cords in the bull calf (Nicander et al., 1961) and hamster 
(Fouquet and Guha, 1969). In the present study the term seminiferous 
cords was used. 
         The mean diameter of the developing seminiferous cords and 
tubules increased with advancing age (from 42.3 µm, 48.8 µm, 73.7 µm, 
173.3 µm to 187.4 µm). The seminiferous cords were lined with 
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peripheral cells and central cells known as gonocytes. These gonocytes 
were formed by inward movement of the peripheral cells in the bull calf 
(Johnson et al., 1970). However, in the rat, these gonocytes move from 
the centre to the periphery where they differentiate into type A and type B 
spermatogonia. Nilnophakoon (1978) reported that, the seminiferous 
cords of 6 weeks postnatal development of the ram testis contained 
numerous gonocytes situated at the basal lamina. In the present study, the 
gonocytes first formed the peripheral layer of the seminiferous cords 
where they divided into typical spermatogonia, type A and type B and 
then some of them moved toward the centre of the cords and diappeared. 
The peripheral layer of the seminiferous cord, in addition to 
spermatogonia, contains nongerminal supporting cells or Sertoli cells. 
The spermatogenic activity begins in the spermatogenic cells of the 
seminiferous cords at about 6 months of age in the bull and 7 months in 
the dog (Johnson et al., 1970), and after 14 days of age in the rat (Vitale 
et al., 1973). In the present study, the primary spermatocytes were present 
at 8-10 weeks of age. No lumen had been formed in the seminiferous 
cords at 5 and 10 weeks of age in the present study. These result are in 
agreement with those reported by Nilnophakoon (1978) in the ram, and 
Dym (1976) in some mammals. 
           The formation of a lumen and the transformation of the 
seminiferous cords into the seminiferous tubules start toward the end of 
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the third week in the hamster (Fouquet and Guha, 1969), at 15 days of 
age and completed in all the seminiferous tubules at 25 days old rats 
(Osman et al., 1979), between 20 and 25 weeks in the bull (Wrobel et al., 
1986), and approximately at 6 years of age in the primate (Johnson et al., 
1970). In the present study, the lumen was formed between 12 and 15 
weeks of age and this is similar to the result reported in the ram by 
Nilnophakoon (1978). The seminiferous tubules have two generations of 
spermatogenic cells, spermatogonia and primary spermatocytes, at 12-15 
weeks of age in the present study. This result is not in agreement with 
that given by Nilnophakoon (1978) in the ram. All stages of 
spermatogenesis were found and the appearance of the testis approaches 
that of mature animals at 18 weeks of age in the ram. In the present 
investigation, however, the formation of the testicular spermatozoa and 
the histological appearance of the sexually mature testis were reached at 
the age of 21 weeks. This supports the finding of Nishimura etal. (2000) 
who claim that the male tokara goat reaches sexual maturity at 4 months 
of age. 
The epithelium of the seminiferous tubules of the testis of sexually 
mature bovine rested on a basal lamina of multiple layers and the 
elongated peritubular cells were arranged in 3-5 concentric layers around 
the seminiferous tubules (Wrobel et al., 1979). In the present 
investigation the epithelium of the developing seminiferous tubules rested 
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on a conspicuous basal lamina consisting of an internal layer of 
collagenous and reticular fibers and an external layer of small dark 
spindle shape cells. 
   
IV.1.2. The terminal segment: 
           The terminal segment is the part of the seminiferous tubules which 
terminates the seminiferous tubules toward the mediastinum and joins it 
to the tubuli recti. Many authors used different terms to describe this 
segment such as: transitional zone in the rat (Roosen-Runge, 1961; 
Nykänen, 1979, 1980), stallion (Amann et al.,1977) and monkey (Dym, 
1974) , transitional stage in the fowl (Lake, 1957), intermediate region in 
the guinea pig (Calpe and Aoki, 1969), terminal segment in the bull 
(Wrobel et al., 1978; Wrobel et al., 1982), hamster (Cavicchia and 
Burgos, 1977), ram (Osman and Plöen, 1979), goat (Osman and Plöen, 
1979; Ezeasor, 1986), boar and rabbit (Osman, 1978a, 1979). In the 
present study, the term terminal segment is used. 
In the present study the terminal segment was seen to develop after the 
age of 10 weeks. Wrobel et al. (1986) however, observed that the 
terminal segments of the seminiferous tubules of the bull calf were 
developed between 20 and 25 weeks of age of the postnatal life. Osman 
and plöen (1979) stated that the plug-like structure of the terminal 
segment was seen before the formation of a lumen in the seminiferous 
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tubules of juvenile goat testis. In the present investigation, the presence of 
the terminal segment was observed at the same time of the formation of a 
lumen at 12-15 weeks of age. It was possible to identify the terminal 
segment only when their connection to the tubuli recti was established 
due to presence of a patent lumen in the latter, while the clear distinction 
between the terminal segment and the seminiferous tubule proper was 
noticed between 17 and 18 weeks of age due to formation of spermatids 
in the tubules. This result is in agreement with the result in the rat 
(Osman et al., 1979) and bull (Wrobel et al., 1986). 
Wrobel et al. (1986) stated that the terminal segment of the seminiferous 
tubules of the bull could be subdivided into three parts between 40 and 52 
weeks of age: transitional region, intermediate portion and terminal plug. 
Yasein (2005) also subdivided the terminal segment of sexually mature 
bulls into similar three parts. Dym (1974) mentioned that the erroneous 
impression of a plug occluding the lumen of the transitional zone is due 
to oblique or tangential sectioning, and that there was no real plug in the 
monkey. The three subdivisions mentioned above, are distinguished in 
this investigation starting at 21 weeks of age  and the plug- like 
appearance that  is formed by modified Sertoli cells is quite 
distinguishable in the goat terminal segment whiether the segment is cut 
in longitudinal, cross, or oblique sections. This result is inagreement with 
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the investigations in the goat (Ezeasor, 1987), bull (Wrobel et al., 1982; 
Yasein, 2005) and camel (Osman, 1986)   
             The terminal segment is usually lined with modified Sertoli cells 
which are tall cells with long cytoplasmic processes and vaculated 
cytoplasm.  Calpe and Aoki (1969), Fawcett and Dym (1974) in the 
guinea pig and Osman (1979) in the rabbit stated that, in most cases the 
cells of the terminal segment do not project into the dilated proximal part 
of the tubulus rectus to form the plug- like structure. In the present study, 
the characterestic features of the modified Sertoli cells are similar to 
those reported in the boar (Osman, 1978), buffalo (Dhingra, 1980), man 
(Marin-padilla, 1964), camel (Singh and Bharadwaj, 1980; Osman, 
1986), rat (Osman and Plöen, 1978), mouse (Barack, 1968), monkey 
(Dym, 1974), bull (Osman and Plöen, 1979; Wrobel et al., 1982; Yasein, 
2005), ram and goat (Osman and Plöen, 1979). In this investigation, the 
terminal segment aquired a small central lumen between 17 and 18 weeks 
of age and this may be due the increased amount of the testicular fluid. 
The lumen of the terminal segment usually appeared empty and free from 
cells. The presence of degenerated  spermatogenic cells and spermatozoa 
in the apical vaculated cytoplasm of the modified Sertoli cells was 
observed in this investigation. A similar observation was mentioned  in 
the rat (Nykänen, 1980), bull (Wrobel et al., 1982), monkey (Dym, 1974), 
boar, rabbit and camel (Osman, 1978b, 1979,1980). The presence and 
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distribution of the intraepithelial lymphocytes that is reported in the 
monkey (Dym, 1974), rat and rhesus monkey (Dym and Romrell, 1975), 
rabbit and fowl (Osman, 1979, 1980) were also noticed in the present 
study. 
Nykänen (1980), Osman (1986) and Hermo and Dworkin (1988) stated 
that the terminal segment of the seminiferous tubules possesses a tubular 
lumen in the rat and camel respectively. However, in the hamster 
(Cavicchia and Burgos, 1977), boar and rat (Osman, 1978a), buffalo 
(Dhingra, 1980) and cat (Murakami, Yokoyama, Nishida, Shiromoto and 
Sato, 1988) the tubular lumen is very narrow and is difficult to see under 
normal conditions. Moreover, Osman (1978b) and Osman and Plöen 
(1979) added that the lumen of the terminal segment of the rat and rabbit 
respectively becomes quite evident only under increased intratesticular 
pressure caused by efferent ductule ligation. 
        In the present investigation, the tubular lumen of the goat terminal 
segment is easily identified at 21 weeks of age and onward 
The modified Sertoli cells rested on a delicate basal lamina which is 
continuous with that of the seminiferous tubule proper, The arrangement 
of the cells of the boundary tissue in the present study is similar to that of 
the camel (Degen and Lee, 1982). The presence of a vascular plexus 
surrounding the bull terminal segment of the seminiferous tubule in a 
cuff- like or sleeve-like manner has been reported by Wrobel et al. (1978) 
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and Wrobel et al. (1982) respectively. Such an observation was not found 
in the goat terminal segment because the capillary network was evenly 
distributed in the testicular parenchyma. 
 
 
 
IV.1.3. The tubulus rectus: 
          This part is the site of connection between the terminal segment of 
the seminiferous tubule and the rete channels. 
Wrobel et al. (1986) observed that the straight tubules have a narrow 
lumen lined by a stratified epithelium between 4 and 8 weeks of age in 
bovine calf. In the present investigation, the tubuli recti are small tubules, 
with  narrow lumina and are lined by simple cuboidal epithelium between 
5 and 10 weeks of age. 
        Wrobel et al. (1986) observed that the epithelium of the tubulus 
rectus close to the connection with the terminal segment of the 
seminiferous tubule of bull calf becomes monolayred starting from 16th 
weeks and proceeding through the 30 weeks of age and onward. The 
straight tubules adjacent to the terminal segments are modified into a cup- 
like region encompassing the terminal plug of the terminal segment 
followed by a narrow stalk lined with simple columnar epithelium at 40- 
52 weeks of age. In the present investigation, a similar modification of 
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the tubuli recti was seen at 12-15 weeks of age. And it also confirms the 
result given by Osman (1978) in the goat that the tubuli recti of goats 
consist of two regions: receptacle and main part. 
         In the fowl, the connection of the seminiferous tubules to the rete 
testis is established either through tubuli recti or direct i.e. without tubuli 
recti (Osman, 1980). Nykänen (1980) observed that in only one third of 
the cases, the seminiferous tubules of the rat are linked to the rete via the 
tubuli recti. Moreover, Marin-Padilla (1964) mentioned that, the 
connection between the seminiferous tubules and the tubuli recti are only 
found during the reproductive age. In the present study, the tubuli recti 
are found in all age groups, but the true communication between the 
seminiferous tubule and the tubulus rectus is established at the age of 12-
15 weeks. The modified dilated proximal part of the tubuli recti ( the 
receptacle) and the main narrow region are found in the camel (Singh and 
Bharadwaj, 1980; Osman, 1986), bull (Osman, 1978; Osman and Ploen, 
1978; Wrobel et al.,1986; Yasein, 2005), buffalo (Dhingra, 1980), 
stallion (Amann et al.,1977), fowl (Gray, 1937), bird (Aire, 1982), rat 
(Roosen-Runge, 1961; Osman and Plöen, 1978; Nykänen, 1980), mouse 
(Barack, 1968), man (Marin-Padilla, 1964), guinea fowl (Aire et al., 
1979), hamster (Cavicchia and Burgos, 1977), guinea pig (Calpe and 
Aoki, 1969), ram, goat and rabbit (Osman and Plöen, 1978), marsupial 
(Rodger, 1982), as well as in the present study. 
 
 
85
In the present investigation the receptacle is lined by simple squamous to 
low cuboidal epithelium similar to that in the buffalo (Dhingra, 1980), 
camel (Singh and Bharadwaj, 1980; Osman, 1986), Japanese quil (Aire, 
1979a) and bull, boar, ram and goat (Osman and Pl öen, 1978). 
The main part of the tubulus rectus is lined by low cuboidal epithelium in 
the  guinea pig (Calpe and Aoki, 1969), fowl (Gray, 1937), bull ,ram and 
goat (Osman and Plöen, 1978) and also in the goat as revealed in the 
present study. 
The presence of the intraepithelial lymphocytes was inconspicuous in the 
tubuli recti, and only very few of them were seen in the main part of the 
tubuli recti. 
IV.1.4. The rete testis: 
             The rete is the labyrinth or cavity which occupies mainly the 
axial mediastinum testis. In some mammals like the rat (Roosen-Runge, 
1961), man (Roosen-Runge and Holstein, 1978) and goat (Goyal and 
Williams, 1987), there is an extratesticular rete located outside the testis. 
In the present investigation, only the mediastinal rete was studied and the 
arrangement of the mediastinum and its rete is in agreement with that 
observed in the camel (Osman, 1975, 1986), bull (Sinowatz et al., 1979; 
Hees et al., 1987; Yasein, 2005), ram (Johnson et al.,1970; Dym, 
1976)and boar, monkey, cat, dog, guinea pig, rabbit and baboon (Dym, 
1976). Some of the mediastinal rete channels extend into the septulae 
 
 
86
testis and are called the septulae rete testis. Goyal and Dhingra (1973) 
observed that the rete of the buffalo is lined with simple cuboidal and 
pseudostratified columnar epithelium up to 30 weeks of postnatal life, 
and it becomes stratified in most of the regions of the canal at 52 weeks. 
Dhingra (1980) mentioned that the rete of the buffalo is lined with 
pseudostratified columnar cells in prepubertal buffalo and it is 
transformed to simple cuboidal in the adult animal. Moreover, Hees, 
Wrobel, Kohler, Abou Elmagd and Hees (1989) reported that the bovine 
rete is lined with cuboidal or columnar cells. In the present investigation, 
the epithelium lining the rete varies in height, but in general the 
epithelium is either pseudostratified columnar or simple cuboidal up to 15 
weeks of age and transformed into low cuboidal or simple squamous at 
17 weeks of age and onwards. 
           The epithelial cells of the goat rete testis (Osman, 1978), like those 
of the rat (Leeson, 1962), man (Bustos-Obregòn and Holstein, 1976), 
ram, rabbit and cat (Osman, 1978) rest upon a typical basal lamina, 
whereas the basal lamina of the fowl (Gray, 1937) and camel (Osman 
1986) is indistinct. In the present observation in the goat the basal lamina 
of the rete testis is similar to the one reported by Osman (1978a) also in 
the goat. 
           The connective tissue which surrounds the rete testis is composed 
of irregulary arranged bundles of collagen fibers and fibroblasts in the 
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buffalo (Goyal and Dhingra, 1973). However, Osman (1978) is of the 
opinion that the fibers are regulary arranged in one direction in the goat, 
ram, cat and rabbit. In the present investigation the result is similar to the 
observation of Osman (1978a) in the goat.  
 
 
IV.2. Histochemistry: 
IV.2.1. Polysaccharides 
           There are very few reports in the available literature about the 
histochemical development of most parts of the intratesticular tubules for 
polysaccharides. The histochemical development of the rete testis for 
polysaccharides is mentioned by Fouquet and Guha (1969) in the hamster 
and Goyal and Dhingra (1973) in the buffalo. More information was 
reported about the different parts of the intratesticular tubules of sexually 
mature animals such as the camel (Osman, 1975), buffalo (Dhingra, 
1980), rat (Nykanen, 1980), man (Fabbrini and Conti, 1969; Bustos 
Obreógn and Holstein, 1976), ram (Cavazos and Melampy, 1954; Osman, 
1984; Alamin, 2000) and bull (Yasein, 2005). 
           The boundary tissue of the seminiferous tubules of the camel 
showed a positive reaction for PAS material resistant to diastase enzyme 
(Osman, 1975). In the present study, the boundary tissue of the 
seminiferous cords and tubules gives positive reaction for PAS material 
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resistant to diastase digestion and this reaction  increase with advancing 
age.  
          The epithelium lining the seminiferous cords gives a negative 
reaction at the age of 5 and 10 weeks, and it becomes positive 
progressively with advancing age. 
               In the present study, the basement membrane and the epithelium 
lining the terminal segment showed positive PAS material resistant to 
digestion with diastase and this supports the observation in the buffalo 
and ram given by Dhingra (1980) and Osman (1984) respectively. 
Osman (1984) in the ram and Yasein (2005) in the bull observed that the 
reaction in the basement membrane of the terminal segment for PAS 
diastase resistant material is more intense than that of the basement 
membrane of the seminiferous tubule to the extent that they are cleary 
demakated from each other. A similar observation is seen in the basement 
membrane of the terminal segment of the goat in the present 
investigation. 
            Yasein (2005) reported that the basement membrane of the tubuli 
recti of the bull is PAS –positive and the reaction varied markedly in its 
three parts. Dhingra (1980) stated that the epithelium of the receptacle 
rested on a PAS–positive basement membrane and also at its luminal 
border. Moreover, Osman (1975) detected intense reaction for PAS in the 
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boundary tissue of the tubuli recti of the camel. The present investigation 
supports the findings mentioned above. 
           Goyal and Dhingra (1973) reported that a delicate PAS-positive 
basement membrane supports the rete testis of the buffalo between 3 and 
16 weeks of age, and becomes more positive and distinct between 30 and 
52 weeks of postnatal development. In the present study, an intense 
reaction for PAS –positive material resistant to diastase digestion is found 
in the basement membrane of the goat rete testis from 5 weeks of age to 
sexual maturity. 
           Osman (1984) assumed that the intense reaction of the terminal 
segment basement membrane to PAS stain in the ram is an indication that 
this segment is more permeable than the seminiferous tubule. This 
assumption may also be true for the tubulus rectus and rete testis in this 
study, since they gave a reaction similar to that of the terminal segment in 
the ram. 
           A granular reaction of PAS–positive material resistant to diastase 
digestion is seen in the cytoplasm of the epithelium lining the rete testis 
in the present investigation and this reaction is more intense in the young 
groups and gradually decreased with advancing age. 
PAS–reactive substance resistant to diastase digestion is present in the 
wall of the blood vessels, in the present study, and in the camel as 
observed by Osman (1975). PAS–reactive substance removable with 
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diastase enzyme (glycogen) is present in the germinal epithelium of the 
seminiferous tubules of the camel (Osman, 1975). In the present 
investigation, the presence of fine glycogen particles in the cytoplasm of 
the cells which line the seminiferous cords showed cyclical changes and 
this supports the findings of Osman et al. (1976) in the camel and Osman 
(1984) and Alamin (2000) in the ram. In the present study the 
seminiferous tubules of the kids showed gradual decrease in the amount 
of the fine glycogen particles with advancing age and this supports the 
findings given by Fabbrini and Conti (1969) in human testis. 
            Dhingra (1980) noticed that the epithelium lining the terminal 
segment in the buffalo rested on a basement membrane with PAS- 
positive material removable with diastase enzyme. In the present 
investigation, a few number of fine glycogen particles is found in the 
cytoplasm of the lining epithelium of the terminal segment. Fabbrini and 
Conti (1969) observed that no PAS-positive element was found in the 
interstitial area of the human testis. However, a faint cytoplasmic reaction 
for PAS material was noted in the interstitial cells of the ram testis 
(Cavazos and Melampy, 1954). The present investigation, at the age of 5 
and 10 weeks, supports the findings of Fabbrini and Conti (1969) in the 
human testis but it differs at the age of 12 weeks and onward because the 
interstitial connective tissue gives PAS-positive reaction. 
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 Osman (1975) and Bustos-obregón and Holstein (1976) reported that 
PAS-positive substance removable with diastase digestion was found in 
the epithelium lining the rete testis of the camel and human respectively. 
Goyal and Dhingra (1973) mentioned that the presence of glycogen in the 
rete testis of the buffalo was detected between 30 and 52 weeks of 
postnatal development. However, Fouquet and Guha (1969) reported that 
the hamster rete epithelium lacks glycogen until puberty. The present 
study supports the findings of Fouquet and Guha (1969) in the hamster. 
IV.2.2. Enzymes 
IV.2.2.1. Acid phosphatase 
          The testis of the man (Montagona, 1952) and the camel (Osman, 
1975) are negative for acid phosphatase reaction. However, Koudstaal, 
Frensdorf, Kremer, Mudde and Hardonk (1967) demonstrated this 
enzyme in the periphery of the seminiferous tubules and in interstitial 
cells of the human testis. Singh and Mathur (1968), in the Indian gerbil 
and house shrew, and Singh, Kaul and Mathur (1974) in Indian langur, 
reported that acid phosphatase reaction is seen in the basement membrane 
and all the germinal epithelium of the seminiferous tubules. Moreover, 
Kugler (1975) observed high activity for the enzyme acid phosphatase in 
the testis of juvenile rooster. In the present investigation, all the 
intratesticular tubules give positive reaction for acid phosphatase but the 
intensity of the reaction varied among the different age groups. The 
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reaction was detected in the lining epithelium while the basement 
membrane showed weak reaction. The intensity of the reaction in the 
lining epithelium is increased with advancing age. The interstitial cells 
also give a strong reaction. Osman (1975) mentioned that the presence of 
acid phosphatase is an indication to lysosomal activity.  
 
IV.2.2.2. Alkaline phosphatase 
Histochemical investigations of the enzyme alkaline phosphatase in the 
different parts of the intratesticular tubules are reported in the bull 
(Rollinson, 1955; Yasein, 2005), camel (Osman, 1975; Osman et 
al.,1976), ram (Osman, 1984; Alamin, 2000), buffalo (Goyal and 
Dhingra, 1973) and rooster (Kugler, 1975). The germinal epithelium of 
the testis of the bull (Rollinson, 1955) and camel (Osman, 1975; Osman 
et al., 1976) gives a positive reaction. A strong reaction was seen in the 
basement membrane of the seminiferous tubules of the bull (Yasein, 
2005) and boundary tissue of the camel (Osman, 1975). The present study 
supports the findings mentioned above. The reaction of the epithelium of 
the seminiferous cords is more intense than that of the germinal 
epithelium of old age groups because the reaction is decreased gradually 
with advancing age. 
              In the present investigation, the activity of the enzyme alkaline 
phosphatase in the basement membrane and the epithelium lining the 
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terminal segment is similar to that mentioned in the ram (Osman, 1984) 
and bull (Yasein, 2005). Yasein (2005) observed that the interstitial cells 
reacted strongly for alkaline phosphatase while the peritubular connective 
tissue reacted very weakly in the bull. Similar observations were seen in 
the kids in all age groups in the present study. 
             Osman, (1975) detected positive reaction for alkaline 
phosphatase in the boundary tissue of the tubuli recti of the camel. In the 
bull (Yasein, 2005) stated that the reaction showed marked differences 
among the three parts of the tubuli recti. The receptacles and the main 
parts of the tubuli recti of the kids of this investigation showed a strong 
reaction for alkaline phosphatase. 
             The basement membrane and the cell cytoplasm of the rete testis 
of the buffalo showed moderate reaction for alkaline phosphatase (Goyal 
and Dhingra, 1973). In the present investigation, the basement membrane 
of the rete testis gives a strong reaction for alkaline phosphatase and this 
is similar to the result given by Yasein (2005) in the bull. 
             Moog and Wenger (1952) mentioned that the enzyme alkaline 
phosphatase occurs at the sites where PAS-positive diastase resistant 
material is demonstrated. This correlation is found to be true in the 
present investigation since both PAS-positive diastase resistant material 
and alkaline phosphatase are detected in the boundary tissue of the 
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seminiferous cords and tubules, terminal segment, tubulus rectus and rete 
testis. 
            Kugler (1975) suggested that the deposition of the enzyme 
alkaline phosphatase in the boundary tissue of the bull may play a role in 
the energy production needed for contraction of the tubules. On the other 
hand, Osman (1975) is of the opinion that this enzyme may play a role in 
the transportation of material between the blood vessels of the 
interstitium and the cellular elements of these tubules. In the present 
study, the mediastinal connective tissue gives a negative reaction for 
alkaline phosphatase and this is in agreement with the results observed in 
the buffalo (Goyal and Dhingra, 1973) and the bull (Yasein, 2005). 
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IV.3. Morophometry 
       Morphometric information about the development of the 
intratesticular tubular ducts of the goat is not found in the available 
literature. 
       Some morphometric investigations were conducted on the 
seminiferous tubules and other testicular components in different sexually 
mature animals like the camel (Tingari, Ramos, Gaili, Rahma and Saad, 
1984), ram (Alamin, 2000), rat (Wing and Christensen, 1982), Fowl 
(Elbagory, 1990), hamster (Lue et al.,1997), bull (Lennox and Logue, 
1979; Yasein, 2005) and domestic cat (Franca and Godinho, 2003). 
A comparative study between vasectomized and non vasectomized ram 
testis revealed that the vasectomized testis showed remarkable decrease 
in the ram testicular tubules (Alamin, 2000). Elbagory (1990) reported 
that there are slight differences between the volume components of the 
right and left testes of the fowl. 
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           A comparative study on the seasonal effect on the camel testis 
showed that the mean testicular weight of the camel is about 164.3g at the 
summer season while the mean weight reached 180.2g at the winter. The 
mean diameter of the seminiferous tubules is 176.4 µm at the summer and 
decreased to 162.6 µm at the winter (Tingari et al., 1984)  
            Lennox and Logue (1979) observed that the seminiferous tubules 
represented about 77% (229cm3 ± 11.7) of the testicular volume, while 
the populations of the Leydig cells represented only about 4.6% (12.1cm3 
±1.3) of the volume of the bull testis. Moreover, they mentioned that the 
average length of the bull seminiferous tubule is about 5.2 km.  Yasein 
(2005) found that the testicular parenchyma constitutes about 92.73% 
(123.65cm3 ± 6.61) of the testicular volume in the young bull, while this 
value reaches 94.78% (168.78cm3 ± 41.0693) of the volume of the testis 
in the adult one. Lennox and Logue (1979) reported that the absolute 
volume of the mature bull testis is 280 ml; While Yasein (2005) estimated 
that the mean absolute volume of sexually mature bull is 178cm3 ± 
44.8144. 
            In the present investigation, a clear relationship is noticed between 
the testicular volume and the ages of the kids. The testicular volume in 
kids of group C (61.66cm3 ± 10.41) is higher than that in group B 
(21cm3± 11.53) and it is lowest in group (A) (2.333cm3 ± 0.577). 
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            The seminiferous tubules are the dominant component of the testis 
in the kids of group C (70.93% 43.70cm3 ± 7.809) and group B (55.40% 
11.21cm3 ±5.303) although it is higher in group (C) than in group (B). 
However, this component is low and not the highest one in group A 
(38.60% 0.895cm3 ± 0.187). 
                The interstitial connective tissue constituted the greatest 
component of the testis of the kids in group A (46.30% 1.092cm3 ± 
0.364); however this value is decreased in group B (32.19% 6.390cm3 ± 
2.614) and further decreased in group C (21.66% 13.32cm3 ± 3.329). The 
increase of the value of the seminiferous tubules and the decrease of the 
interstitial connective tissue with the advancing age is due to the 
increased diameter of the seminiferous tubules at the expense of the 
interstitial connective tissue. The increase of the diameter of the 
seminiferous tubules with the advancing age may be due to the ability of 
the testis of mature kids to produce spermatozoa and testicular fluid. 
Yasein (2005) reported that, on the contrary to the testicular parenchyma, 
the mediastinal connective tissue of young bulls (4.68%, 6.25cm3 ± 
2.2193) is much more than that of old bulls (2.84%, 5.34cm3 ± 3.4872). 
The present investigation supports the finding mentioned above because 
there is a gradual decrease in the mediastinal connective tissue with the 
advancing age 11.89% (0.270cm3 ± 0.063) in group (A), 7.900% 
(2.125cm3 ±2.320) in group (B) and 4.753% (2.942cm3 ± 1.288) in group 
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(C). The decrease in the amount of the mediastinal connective tissue with 
advancing age may be due to the increase in the value of the testicular 
parenchyma at the expense of the mediastinal connective tissue. 
   The terminal segment of the seminiferous tubules represents only a very 
small portion of the testicular parenchyma in groups (B) and (C), 
although this value is greater in group (C) (0.137%, 0.077cm3 ± 0.055) 
than that of group (B) (0.046%, 0.010cm3 ±0.007) (The terminal 
segments were not developed in group A) .This result contradicts the 
result given by Yasein (2005) who stated that the terminal segment of the 
seminiferous tubule represents equal value of the testicular volume in 
both young and old bulls. The increased value of the terminal segments of 
the sexually mature groups, than that of the younger one, may be due to 
the increased diameter of these tubules and the ability of the kids at this 
age to produce the semen and sperms and pass them into the 
intratesticular excurrent ducts. 
           The tubuli recti also occupy small portion of the testicular volume 
and showed increased value with advancing age. Initially, the value is 
very small in group A (0.067%, 0.002cm3 ± 0.001), then the tubulus 
rectus are modified in group B and this value is duplicated and constitutes 
about 0.129% (0.027cm3 ± 0.020) and is slightly increased and reachs 
0.20% (0.120cm3 ± 0.018) in the mature kids (group C). 
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           The rete testis channels constitute about 3.138% (0.074cm3 ± 
0.024) of the testis volume in group A; this value is slightly increased and 
constitutes 4.324% (1.238cm3 ± 1.686) in group B. However, the value is 
decreased in group (C) in which the rete channels represent 2.297% 
(1.488cm3 ± 0.823) with a constant or small increase in the mean volume. 
The reduction in the percentage of the volume of the rete channels or the 
slight increase of the absolute volume may be due to the limitation of the 
rete development at the specific age and the continuous development of 
the other testicular components.  
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CONCLUSIONS 
 
1- The intratesticular tubules were divided into the seminiferous 
tubules and their excurrent ducts that are divided into: the terminal 
segments of the seminiferous tubules, the tubuli recti and the rete 
testis. 
2-  The spermatocytes appeared at the age of 8 to 10 weeks, while 
spermatids appeared at the age of 17 to 18 weeks and spermatozoa 
appeared at the age of 21 weeks and onward. 
3- The seminiferous cords are transformed into seminiferous tubules 
at the age of 12 to 15 weeks. 
4- The terminal segment and the receptacle of the tubulus rectus were 
developed at 12-15 weeks of age. 
5- The histochemical findings revealed that the activity of some 
substances and enzymes of the intratesticular tubules (glycogen 
and alkaline phosphatase) is decreased with advancing age, while 
others are increased (acid phosphatase). 
6- The morphometric results indicate a significant variation in the 
volume of the testis and percentage of the testicular parenchyma 
and mediastinal connective tissue in the three groups of kids 
studied. 
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7- Age is a major factor in determing the volume of the different 
components of the testis when studied morphometrically. 
8-For future work: 
More histochemical tests and immunohistochemical investigations are 
needed to evaluate the functions of the lining epithelium of the 
intratesticular tubular system in the different age groups. 
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SUMMARY 
1. A histological, histochemical and morphometric study has been 
conducted on the intratesticular tubules in 35 nobian kids of 
different age. The age varied from 5 to 21 weeks and onward 
(sexually mature kids). 
2. The intratesticular tubules are classified into seminiferous cords 
and seminiferous tubules and their excurrent ducts. 
3. The intratesticular excurrent ducts consisted of the terminal 
segments of the seminiferous tubules, the tubuli recti and the rete 
testis. 
4. The seminiferous tubules occupy the lobules forming the testicular 
parenchyma. 
5. The intratesticular excurrent ducts are localized within and around 
the central axial mediastinum testis. 
6. Age is a major factor in the increase of the diameter of the 
developing seminiferous tubules and their excurrent ducts. 
7. The developing seminiferous tubules lack lumina and are lined by 
one layer of spermatogonia and Sertoli cells. They are known as 
the seminiferous cords during 5 to 10 weeks of age. 
 
 
103
8. One to three large gonocytes are found toward the centre of the 
seminiferous cords at 5-6 weeks of age and disappeared at 12-15 
weeks of age. 
9. The primary spermatocytes are present within the seminiferous 
cords at 8-10 weeks of age. 
10. The seminiferous cords were transformed into seminiferous tubules 
by acquiring a lumen at 12-15 weeks of age. 
11. Round and elongated spermatids are present at 17-18 weeks of age. 
12. Spermatozoa appear at 21 weeks of age and onward. 
13. The terminal segments are differentiated at 12-15 weeks and are 
lined with modified Sertoli cells. 
14. The terminal segments of the seminiferous tubules acquire lumina 
at 17-18 weeks of age. 
15. The terminal segment of the seminiferous tubules is subdivided 
into: transitional region, middle region and terminal plug according 
to the depletion of the germinal epithelium and its replacement by 
the modified Sertoli cells at 21 weeks of age and onward. 
16. The tubuli recti appear as small tubules between 5 and 10 weeks of 
age, and are modified into: proximal dilated parts, the receptacles 
and main narrow parts at 12-15 weeks of age. 
17. The receptacles are lined with squamous or cuboidal cells and the 
main parts are lined with cuboidal cells. 
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18. The rete testis consists of a group of channels which occupy an 
axial mediastinum testis, and becomes cavernous and 
intercommunicated at 21 weeks of age and onward. 
19. A few intraepithelial lymphocytes are present in the terminal 
segments and mains parts of the tubuli recti. 
20. PAS-positive diastase resistant material is detected in the 
boundary tissue of all segments of the intratesticular tubules, 
specially in the terminal segments and rete testis. 
21. Glycogen particles show cyclic changes in the lining epithelium of 
the developing seminiferous tubules and their number decrease 
with advancing age. 
22. The epithelium of the intratesticular tubules show positive reaction 
for acid phosphatase enzyme and the reaction is detected in the 
lining epithelium and the reaction increased with advancing age. 
23. Strong activity for alkaline phosphatase is demonstrated in the 
basement membrane and the cytoplasm of the epithelium lining of 
the intratesticular tubules. The reaction in the lining epithelium 
decreases with advancing age. 
24. The terminal segments show positive reaction for alkaline 
phosphatase in both the basement membrane and the lining 
epithelium and the reaction is stronger than that of the seminiferous 
tubules. 
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25. The morphometry of the intratesticular tubules has been studied in 
nine kids (three kids from each age group refrred to as group A, 
group B and group C). 
26. The mean absolute volume of the testis of group (A) is about 
2.333cm³ ± 0.577, and increased in group (B) to 21cm³ ±11.53 and 
further increased in sexually mature kids (group C) to 61.66cm³  
±10.41. 
27. The seminiferous cords gave mean value about 38.60% (0.895cm³ 
±0.187) in group (A) and transformed into seminiferous tubules in 
group (B) and group (C) which constituted the largest components 
of the testicular volume (55.40% 11.21cm³ ±5.303) in group B and 
(70.93% 43.70cm³ ±7.809) in group C. 
28. The interstitial connective tissue constituted the largest components 
of the testicular volume in group (A) 46.30% (1.092cm³ ±0.364) 
and decreased in group (B) to 32.19% (6.390cm³ ±2.280) and 
further decreased in group (C) to 21.66% (13.32cm³ ±3.329). 
29. The terminal segments of the seminiferous tubules were not 
developed in group (A) and occupy a very small portion in group 
(B) 0.046% (0.010cm³ ±0.007) and group (C) 0.137% (0.077cm³ 
±0.055). 
30. The tubuli recti represent a mean value of 0.067% (0.002cm³ 
±0.001) in group (A) and increased slightly in group (B) to 0.129% 
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(0.027cm³ ±0.020) and further increased in group (C) to 0.200% 
(0.120cm³ ±0.018). 
31. The mediastinal connective tissue represents a mean value of 
11.89% (0.270cm³ ±0.063) in group (A) and decreased to 7.900% 
(2.125cm³ ±2.320) in group (B) and further decreased to 4.753% 
(2.942cm³ ±1.288) in group (C). 
32. The percentage of the rete testis volume was 3.138% (0.074cm³ 
±0.024) in group (A) and slightly increased in group (B) to 4.324% 
(1.238cm³ ±1.685) and then decreased in group (C) to 2.297% 
(1.488cm³ ±0.823). 
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 ﺔﻣﻠﺨﺺ اﻻﻃﺮوﺣِ
 اﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻟﻠﺘﻌﺮف ﻋﻠﻰ اﻟﺒﻨﻴﺔ اﻟﻨﺴﻴﺠﻴﺔ واﻟﻜﻴﻤﻴﺎء اﻟﻨﺴﻴﺠﻴﺔ واﻟﻘﻴﺎس اﻟﺸﻜﻠﻰ ﻟﻠﻨﺒﻴﺒﺎت -1
اﻟﺨﺼﻮﻳﺔ اﻟﺪاﺧﻠﻴﺔ ﻟﺨﻤﺴﺔ وﺛﻼﺛﻴﻦ ﻣﻦ ذآﻮر اﻟﻤﺎﻋﺰ اﻟﻨﻮﺑﻰ ﺑﺄﻋﻤﺎر ﻣﺨﺘﻠﻔﺔ ﺗﺘﺮاوح ﻣﻦ ﺧﻤﺴﺔ 
  (.أى ﺑﺎﻟﻐﺔ ﺟﻨﺴﻴﺎ)ﺑﻴﻊ إﻟﻰ واﺣﺪ وﻋﺸﺮﻳﻦ أﺳﺒﻮع ﻓﺄآﺜﺮ أﺳﺎ
  ﺗﻢ ﺗﻘﺴﻴﻢ اﻟﻨﺒﻴﺒﺎت اﻟﺨﺼﻮﻳﺔ اﻟﺪاﺧﻠﻴﺔ اﻟﻰ اﻟﻨﺒﻴﺒﺎت اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ و اﻟﻘﻨﻮات اﻟﻨﺎﻗﻠﺔ اﻟﺨﺼﻮﻳﺔ -2
  .اﻟﺪاﺧﻠﻴﺔ
  ﺗﺤﺘﻮى اﻟﻘﻨﻮات اﻟﻨﺎﻗﻠﺔ اﻟﺨﺼﻮﻳﺔ اﻟﺪاﺧﻠﻴﺔ ﻋﻠﻰ اﻟﺠﺰء اﻻﻧﺘﻬﺎﺋﻲ ﻟﻸﻧﺎﺑﻴﺐ اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ، -3
  .ﺔ واﻟﺸﺒﻜﺔ اﻟﺨﺼﻮﻳﺔاﻷﻧﺎﺑﻴﺐ اﻟﻤﺴﺘﻘﻴﻤ
  .  ﺗﺤﺘﻞ اﻟﻨﺒﻴﺒﺎت اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ اﻟﻔﺼﻴﺼﺎت ﻣﻜﻮﻧﺔ ﺑﺬﻟﻚ ﻣﺘﻦ اﻟﺨﺼﻴﺔ-4
  .  ﺗﺘﻤﺮآﺰ اﻟﻘﻨﻮات اﻟﻨﺎﻗﻠﺔ اﻟﺨﺼﻮﻳﺔ اﻟﺪاﺧﻠﻴﺔ ﻓﻰ داﺧﻞ وﺣﻮل اﻟﻤﻨﺼﻒ اﻟﺨﺼﻮى اﻟﻤﺮآﺰى-5
  ﻳﻤﺜﻞ اﻟﻌﻤﺮ ﻋﺎﻣﻞ آﺒﻴﺮ ﻓﻰ زﻳﺎدة أﻗﻄﺎر اﻟﻨﺒﻴﺒﺎت اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ ﻓﻰ ﻃﻮراﻟﻨﻤﻮ وﻗﻨﻮاﺗﻬﺎ اﻟﻨﺎﻗﻠﺔ -6
  .ﻟﺨﺼﻮﻳﺔ اﻟﺪاﺧﻠﻴﺔا
  اﻟﻨﺒﻴﺒﺎت اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ ﻓﻰ ﻃﻮر اﻟﻨﻤﻮ ﺧﺎﻟﻴﺔ ﻣﻦ اﻟﺘﺠﺎوﻳﻒ و ﻣﺒﻄﻨﺔ ﺑﻄﺒﻘﺔ واﺣﺪة ﻣﻦ أﻣﻬﺎت -7
اﻟﺨﻼﻳﺎ اﻟﻤﻨﻮﻳﺔ وﺧﻼﻳﺎ ﺳﻴﺮﺗﻮﻟﻰ وﺗﻌﺮف ﺑﺎﻟﺤﺒﺎل اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ ﺧﻼل ﺧﻤﺴﺔ اﻟﻰ ﻋﺸﺮة أﺳﺎﺑﻴﻊ ﻣﻦ 
  .اﻟﻌﻤﺮ
 ﻣﻨﺘﺼﻒ اﻟﺤﺒﺎل اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ  ﺗﻮﺟﺪ  واﺣﺪ اﻟﻰ ﺛﻼث ﺧﻼﻳﺎ ﺟﺮﺛﻮﻣﻴﺔ أوﻟﻴﺔ آﺒﻴﺮة ﻓﻰ ﻧﺎﺣﻴﺔ-8
  .ﺧﻼل ﺧﻤﺴﺔ اﻟﻰ ﺳﺘﺔ أﺳﺎﺑﻴﻊ ﻣﻦ اﻟﻌﻤﺮ وﺗﺨﺘﻔﻰ ﺧﻼل اﺛﻨﺎﻋﺸﺮ اﻟﻰ ﺧﻤﺴﺔ ﻋﺸﺮ اﺳﺒﻮع ﻣﻦ اﻟﻌﻤﺮ
  ﺗﻈﻬﺮ اﻟﺨﻼﻳﺎ اﻟﻤﻨﻮﻳﺔ اﻷوﻟﻴﺔ ﻓﻰ داﺧﻞ اﻟﺤﺒﺎل اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ ﺧﻼل ﺛﻤﺎﻧﻴﺔ اﻟﻰ ﻋﺸﺮة أﺳﺎﺑﻴﻊ ﻣﻦ -9
  .اﻟﻌﻤﺮ
اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ ﺑﺎآﺘﺴﺎﺑﻬﺎ اﻟﺘﺠﺎوﻳﻒ ﺧﻼل اﺛﻨﺎﻋﺸﺮ اﻟﻰ   ﺗﺘﺤﻮل اﻟﺤﺒﺎل اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ اﻟﻰ اﻟﻨﺒﻴﺒﺎت -01
  .ﺧﻤﺴﺔ ﻋﺸﺮ اﺳﺒﻮﻋﺎ ﻣﻦ اﻟﻌﻤﺮ
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  ﺗﻈﻬﺮ أروﻣﺎت اﻟﻨﻄﺎف اﻟﺪاﺋﺮﻳﺔ و اﻟﻤﺘﻄﺎوﻟﺔ ﺧﻼل ﺳﺒﻌﺔ ﻋﺸﺮ اﻟﻰ ﺛﻤﺎﻧﻴﺔ ﻋﺸﺮ اﺳﺒﻮﻋﺎ ﻣﻦ -11
  .اﻟﻌﻤﺮ
  .ﻦ اﺳﺒﻮﻋﺎ  ﻓﺄآﺜﺮﻳ  ﺗﻈﻬﺮ اﻟﺤﻴﻮاﻧﺎت اﻟﻤﻨﻮﻳﺔ ﻓﻰ ﻋﻤﺮ واﺣﺪ وﻋﺸﺮ-21
ﺔ  ﻟﻠﻨﺒﻴﺒﺎت اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ ﺧﻼل اﺛﻨﺎ ﻋﺸﺮ اﻟﻰ ﺧﻤﺴﺔ ﻋﺸﺮﻩ اﺳﺒﻮﻋﺎ ﻣﻦ   ﺗﻨﻤﻮ اﻷﺟﺰاء اﻻﻧﺘﻬﺎﺋﻴ-31
  .اﻟﻌﻤﺮ وﺗﺒﻄﻦ ﺑﺨﻼﻳﺎ ﺳﻴﺮﺗﻮﻟﻰ اﻟﻤﺘﺤﻮرة
 ﺗﻜﺘﺴﺐ اﻻﺟﺰاء اﻻﻧﺘﻬﺎﺋﻴﺔ ﻟﻠﻨﺒﻴﺒﺎت اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ اﻟﺘﺠﺎوﻳﻒ ﺧﻼل ﺳﺒﻌﺔ ﻋﺸﺮ اﻟﻰ ﺛﻤﺎﻧﻴﺔ ﻋﺸﺮ -41
  .اﺳﺒﻮﻋﺎ ﻣﻦ اﻟﻌﻤﺮ
اﻟﻤﻨﻄﻘﺔ اﻻﻧﺘﻘﺎﻟﻴﺔ، اﻟﻤﻨﻄﻘﺔ اﻟﻮﺳﻄﻰ : ﻨﻰ اﻟﻰ  ﺗﻢ ﺗﻘﺴﻴﻢ  اﻟﺠﺰء اﻻﻧﺘﻬﺎﺋﻰ ﻟﻠﻨﺒﻴﺐ اﻟﻨﺎﻗﻞ ﻟﻠﻤ-51
ﻋﻠﻰ ﺗﻨﺎﻗﺺ اﻟﺨﻼﻳﺎ اﻟﺠﻨﺴﻴﺔ واﺳﺘﺒﺪاﻟﻬﺎ ﺑﺨﻼﻳﺎ ﺳﻴﺮﺗﻮﻟﻰ اﻟﻤﺘﺤﻮرة " واﻟﺴﺪادﻩ اﻻﻧﺘﻬﺎﺋﻴﺔ وذﻟﻚ ﺑﻨﺎء
  .ﺧﻼل واﺣﺪ وﻋﺸﺮون اﺳﺒﻮﻋﺎ ﻣﻦ اﻟﻌﻤﺮ ﻓﺄآﺜﺮ
ﻤﺮ   ﺗﻈﻬﺮ اﻟﻨﺒﻴﺒﺎت اﻟﻤﺴﺘﻘﻴﻤﺔ ﻓﻰ ﺷﻜﻞ ﻧﺒﻴﺒﺎت ﺻﻐﻴﺮﻩ ﺧﻼل ﺧﻤﺴﺔ اﻟﻰ ﻋﺸﺮﻩ أﺳﺎﺑﻴﻊ ﻣﻦ اﻟﻌ-61
ﺛﻢ ﺗﺘﻄﻮر اﻟﻰ ﺟﺰء ﻣﺘﺴﻊ داﻧﻰ ﻳﺴﻤﻰ ﺑﺎﻟﻤﺴﺴﺘﻘﺒﻞ وﺟﺰء ﺿﻴﻖ رﺋﻴﺴﻰ ﺧﻼل اﺛﻨﺎ ﻋﺸﺮ اﻟﻰ ﺧﻤﺴﺔ 
  .ﻋﺸﺮة  اﺳﺒﻮﻋﺎ ﻣﻦ اﻟﻌﻤﺮ
  ﺗﺒﻄﻦ اﻟﻤﺴﺘﻘﺒﻼت ﺑﺨﻼﻳﺎ ﻗﺼﻴﺮة ﻣﺴﻄﺤﺔ أو ﻣﻜﻌﺒﺎﻧﻴﺔ ﺑﻴﻨﻤﺎ ﺗﺒﻄﻦ اﻷﺟﺰاء اﻟﻀﻴﻘﺔ اﻟﺮﺋﻴﺴﻴﺔ -71
  .ﺑﺨﻼﻳﺎ ﻣﻜﻌﺐ
ﺤﺘﻞ اﻟﻤﻨﺼﻒ اﻟﺨﺼﻮى اﻟﻤﺤﻮرى، ﺛﻢ   اﻟﺸﺒﻜﺔ اﻟﺨﺼﻮﻳﺔ ﺗﺘﻜﻮن ﻣﻦ ﻣﺠﻤﻮﻋﺔ ﻣﻦ اﻟﻘﻨﻮات وﺗ-81
  .ﻣﻦ اﻟﻌﻤﺮ ﻓﺄآﺜﺮ" ﺗﺼﺒﺢ ﻣﺘﺎهﺎت آﻬﻔﻴﺔ ﻣﺘﺼﻠﺔ ﺧﻼل واﺣﺪ وﻋﺸﺮون اﺳﺒﻮﻋﺎ
 ﺗﻈﻬﺮ ﻗﻠﻴﻞ ﻣﻦ اﻟﺨﻼﻳﺎ اﻟﻠﻴﻤﻔﺎوﻳﺔ داﺧﻞ اﻟﻨﺴﻴﺞ اﻟﻈﻬﺎرى ﻓﻰ اﻷﺟﺰاء اﻻﻧﺘﻬﺎﺋﻴﺔ ﻟﻠﻨﺒﻴﺒﺎت اﻟﻨﺎﻗﻠﺔ -91
 . واﻷﺟﺰاء اﻟﻀﻴﻘﺔ اﻟﺮﺋﻴﺴﻴﺔ ﻟﻠﻨﺒﻴﺒﺎت اﻟﻤﺴﺘﻘﻴﻤﺔﻰﻟﻠﻤﻨ
ﺪﻳﺪ اﻟﺴﻜﺮﻳﺪ اﻟﻤﺨﺎﻃﻰ اﻟﻤﻘﺎوﻣﺔ ﻟﺨﻤﻴﺮة اﻟﺪﻳﺎﺳﺘﻴﺰ ﻓﻰ اﻟﻐﺸﺎء اﻟﻘﺎﻋﺪى ﻟﻠﻨﺴﻴﺞ  وﺟﺪت ﻣﺎدة ﻋ-02
  .اﻟﻈﻬﺎرى ﻟﻜﻞ أﺟﺰاء اﻟﻨﺒﻴﺒﺎت داﺧﻞ اﻟﺨﺼﻴﺔ، ﺧﺎﺻﺔ ﻓﻰ اﻷﺟﺰاء اﻷﻧﺘﻬﺎﺋﻴﺔ واﻟﺸﺒﻜﺔ اﻟﺨﺼﻮﻳﺔ
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  ﺗﻈﻬﺮ ﺟﺰﻳﺌﺎت اﻟﺠﻠﻴﻜﻮﺟﻴﻦ ﻓﻰ اﻟﻨﺴﻴﺞ اﻟﻈﻬﺎرى ﻟﻠﻨﺒﻴﺒﺎت اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ ﻓﻰ ﻃﻮر اﻟﻨﻤﻮ -12
  . ﻋﺪدهﺎ ﺑﺰﻳﺎدة اﻟﻌﻤﺮﺑﺼﻮرة دورﻳﺔ وﻳﺘﻨﺎﻗﺺ
ﻻﻧﺰﻳﻢ اﻟﻔﻮﺳﻔﺎﺗﻴﺰ " ﻣﻮﺟﺒﺎ"   اﻟﻨﺴﻴﺞ اﻟﻈﻬﺎرى ﻟﻠﻨﺒﻴﺒﺎت اﻟﺨﺼﻮﻳﺔ اﻟﺪاﺧﻠﻴﺔ أﻇﻬﺮ ﺗﻔﺎﻋﻼ-22
  .اﻟﺤﻤﻀﻰ وﻳﺰداد اﻟﺘﻔﺎﻋﻞ ﻗﻮة ﺑﺰﻳﺎدة اﻟﻌﻤﺮ
ﻻﻧﺰﻳﻢ اﻟﻔﻮﺳﻔﺎﺗﻴﺰ اﻟﻘﻠﻮى ﻓﻰ اﻷﻏﺸﻴﺔ اﻟﻘﺎﻋﺪﻳﺔ وﺳﻴﺘﻮﺑﻼزم اﻟﻨﺴﻴﺞ " ﻗﻮﻳﺎ"   وﺟﺪ ﺗﻔﺎﻋﻼ-32
  .اﻟﺪاﺧﻠﻴﺔ، واﻟﺘﻔﺎﻋﻞ ﻓﻰ اﻟﻨﺴﻴﺞ اﻟﻈﻬﺎرى ﻳﻘﻞ ﺑﺰﻳﺎدة اﻟﻌﻤﺮاﻟﻈﻬﺎرى ﻟﻠﻨﺒﻴﺒﺎت اﻟﺨﺼﻮﻳﺔ 
ﻓﻰ اﻟﻐﺸﺎء اﻟﻘﺎﻋﺪى أﻗﻮى " ﻣﻮﺟﺒﺎ"  أﻇﻬﺮت اﻷﺟﺰاء اﻷﻧﺘﻬﺎﺋﻴﺔ ﻟﻠﻨﺒﻴﺒﺎت اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ ﺗﻔﺎﻋﻼ-42
  .ﻣﻦ ذﻟﻚ اﻟﺬى ﻓﻰ اﻟﻨﺒﻴﺒﺎت اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ
ﻟﻤﺎﻋﺰ اﻟﻨﻮﺑﻰ،   ﺗﻤﺖ دراﺳﺔ اﻟﻘﻴﺎس اﻟﺸﻜﻠﻰ ﻟﻠﻨﺒﻴﺒﺎت اﻟﺨﺼﻮﻳﺔ اﻟﺪاﺧﻠﻴﺔ ﻓﻰ ﺗﺴﻌﺔ ﻣﻦ ذآﻮر ا-52
  (.ج)واﻟﻤﺠﻤﻮﻋﺔ ( ب)، اﻟﻤﺠﻤﻮﻋﺔ ( أ) ﺛﻼﺛﺔ ﺣﻴﻮان ﻟﻜﻞ ﻓﺌﺔ ﻋﻤﺮﻳﺔ ﺳﺠﻠﺖ آﺎﻟﻤﺠﻤﻮﻋﺔ 
وازداد ﻓﻰ ( أ)  ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ 2 333.mc3 +0  775. ﺑﻠﻎ ﻣﺘﻮﺳﻂ ﺣﺠﻢ اﻟﺨﺼﻴﺔ ﺣﻮاﻟﻰ -62
( اﻟﻤﺠﻤﻮﻋﺔ ج" ) وازداد أآﺜﺮ ﻓﻰ اﻟﺬآﻮر اﻟﺒﺎﻟﻐﺔ ﺟﻨﺴﻴﺎ 12mc3 + 1135.اﻟﻰ ( ب)اﻟﻤﺠﻤﻮﻋﺔ 
  .16. 66mc3 + 0114.اﻟﻰ 
ﻓﻰ - 8306.( %0 598.mc3 + 0781.) ﺑﻠﻎ ﻣﺘﻮﺳﻂ ﺣﺠﻢ اﻟﺤﺒﺎل اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ ﺣﻮاﻟﻰ -72
ﺣﻴﺚ ( ج)واﻟﻤﺠﻤﻮﻋﺔ ( ب)ﺛﻢ ﺗﺘﺤﻮل اﻟﻰ اﻟﻨﺒﻴﺒﺎت اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ ( أ)اﻟﻤﺠﻤﻮﻋﺔ 
 ﻓــﻰ 5504.( %11 12.mc3 + 5303.)، ﺣــﻮاﻟﻰ "ﺗﻌﺘﺒﺮ أآﺒﺮ ﻣﻜﻮﻧﺎت اﻟﺨﺼﻴــﺔ ﺣﺠﻤـﺎ
  (.ج) ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ 0739.( %34 07.mc3 + 7908.)و ( ب)ﻮﻋﺔ اﻟﻤﺠﻤـ
ﺣﻮاﻟﻰ ( أ)  ﻳﻤﺜﻞ اﻟﻨﺴﻴﺞ اﻟﻀﺎم اﻟﺨﻼﻟﻰ أآﺒﺮ ﻣﻜﻮﻧﺎت ﺣﺠﻢ اﻟﺨﺼﻴﺔ ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ -82
2391.( %6 093.اﻟﻰ  ( ب)  وﺗﻨﺎﻗﺺ ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ 6403.( %1 290.mc3 + 0463.)
  .1266.( %31 23.mc3 + 3923.)اﻟﻰ ( ج)  وﺗﻨﺎﻗﺺ أآﺜﺮ ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ mc3 + 2082.)
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" وﺗﺤﺘﻞ ﺟﺰء ﺻﻐﻴﺮ ﺟﺪا( أ)  اﻷﺟﺰاء اﻷﻧﺘﻬﺎﺋﻴﺔ ﻟﻠﻨﺒﻴﺒﺎت اﻟﻨﺎﻗﻠﺔ ﻟﻠﻤﻨﻰ ﻟﻢ ﺗﻨﻤﻮ ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ -92
( ج) واﻟﻤﺠﻤﻮﻋﺔ 0640.( %0 010.mc3 +0 700.)(  ب)ﻣﻦ ﺣﺠﻢ اﻟﺨﺼﻴﺔ ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ 
  0731.( %0 770.mc3 +0 55.)
 ﻓﻰ 060.7( %0 200.mc3 + 0100.)  ﺑﻠﻎ ﻣﺘﻮﺳﻂ ﺣﺠﻢ اﻟﻨﺒﻴﺒﺎت اﻟﻤﺴﺘﻘﻴﻤﺔ ﺣﻮاﻟﻰ  -03
 0921.( %0 720.mc3 +0 020.)اﻟﻰ  ( ب)ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ " وازداد ﻗﻠﻴﻼ( أ)اﻟﻤﺠﻤﻮﻋﺔ 
  .0002.( %0 021.mc3 + 0810.)اﻟﻰ ( ج)وازداد أآﺜﺮ ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ 
 1198.( %072.mc3 +0 360.)  ﺑﻠﻎ اﻟﻨﺴﻴﺞ اﻟﻀﺎم ﻟﻤﻨﺼﻒ اﻟﺨﺼﻴﺔ ﻣﺘﻮﺳﻂ ﺣﺠﻢ ﺣﻮاﻟﻰ -13
( ب) ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ 7009.( %2 521.mc3 + 2023.)ﺎﻗﺺ اﻟﻰ وﺗﻨ( أ)ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ 
  (.ج) ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ 4357.( %2 249.mc3 + 1882.)وﺗﻨﺎﻗﺺ أآﺜﺮ اﻟﻰ  
 ﻓﻰ 3831.( %0 470.mc3 + 0420.)  اﻟﻨﺴﺒﺔ اﻟﻤﺌﻮﻳﺔ ﻟﺤﺠﻢ اﻟﺸﺒﻜﺔ اﻟﺨﺼﻮﻳﺔ ﺣﻮاﻟﻰ -23
 ﺛﻢ 4423.( %1 832.mc3 + 1586.)إﻟﻲ (  ب)ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ " وازدادت ﻗﻠﻴﻼ( أ)اﻟﻤﺠﻤﻮﻋﺔ 
  .2792.( %0 884.mc3 +0 328.)اﻟﻰ ( ج)ﺗﻨﺎﻗﺼﺖ ﻓﻰ اﻟﻤﺠﻤﻮﻋﺔ 
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Figure 1: A schematic diagram illustrating the different parts of the 
intratesticular tubular ducts of a sexually mature kid. 
ST: Seminiferous tubule. 
TS: Terminal segment of seminiferous tubule. 
R:  Receptacle of the tubulus rectus. 
M:  Main narrow segment of the tubulus rectus. 
RT: Rete testis channel. 
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Figure 2: A photomicrograph of the testis of sexually mature kid to 
show the seminiferous tubule (ST), terminal segment (TS), 
tubulus rectus (TR) and part of the rete testis (RT). 
H&E stain. X250. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: A photomicrograph of a goat testis cut longitudinally into 
                 two halves to demonstrate the longitudinal axial 
    mediastinum testis (M). 
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Figure 4:   A photomicrogragh of the testis of kid at 5 to 6 weeks of 
age showing the seminiferous cords (SC) lined by one 
layer of epithelium and surrounded with a boundary 
tissue of flat cells. The large gonocytes (G) are situated at 
the basal lamina and at the centre of the seminiferous 
cords and a group of Leydig cells (L) are found in 
between the cords. 
H & E stain. X250. 
 
 
Figure 5: A photomicrograph of the seminiferous cords of kid at 5 
to 6 weeks of age, showing large gonocytes (arrows) with 
faint cytoplasm and nuclei situated toward the centre of the 
seminiferous cords. The seminiferous cords are surrounded 
with spindle shaped cells with dark and flat nuclei. 
H & E stain. X 1000. 
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Figure 6: A photomicrograph of a longitudinal section of the 
seminiferrous cord of kid at 5 to 6 weeks of age showing 
the spherical nuclei of the Sertoli cells (arrows) with 
prominent nucleoli and fine chromatin material. The 
gonocytes have large nuclei with euchromatin.  
Note the peritubular dark spindle shaped cells. 
H & E stain. X 1000. 
 
 
 
 
Figure 7: A photomicrograph of the testis of kid at 5-6 weeks of age, 
illustrating the seminiferous cords (SC), and part of the 
rete testis (RT). 
The seminiferous cords and rete channels are surrounded 
by collagen fibres. 
Masson’s trichrome stain. X40 
 
 
 
 
 
 
 
 
129
 
 
130
 
Figure 8: A photomicrograph of the testis of kid at 5 to 6 weeks of 
age illustrating the seminiferous cords (SC), and the 
interstitial connective tissue which contain many blood 
vessels. 
H&E stain. X400. 
 
 
 
 
 
 
Figure 9: A photomicrograph of the seminiferous cords of kid at 8 to 
10 weeks of age showing the presence of primary 
spermatocytes (P). 
Note the presence of many mitotic figures in the 
spermatogonia. 
H & E stain. X 100. 
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  Figure 10: A photomicrograph of the seminiferous tubules of kid at 
12 to 15 weeks of age illustrating the increased number of 
primary spermatocytes and some of them show mitotic 
figures. 
Small Lumina (L) appear at the centre of some 
seminiferous cords to transform them into seminiferous 
tubules. 
H & E stain. X 250. 
 
 
 
 
 
Figure 11: A photomicrograph of the testis of kid at 12-15 weeks of 
age. The parenchyma contains the seminiferous tubules 
(ST), the developing terminal segment (TS) protruding 
into a cup shaped region of the tubulus rectus (TR). 
                    H & E stain. X100. 
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Figure 12: A photomicrograph of the testis of kid at 17 to 18 weeks of 
age, showing the mediastinum (below) and the testicular 
parenchyma (above).  
Note the presence of the terminal segment (TS), the 
receptacle (R) and the rete testis (RT).  
The mediastinal rete (MR) is less intercommunicating. 
TR: Tubulus Rectus. 
H & E stain. X 100. 
 
 
 
Figure 13: A photomicrograph of the sexually mature kid showing a 
part of the seminiferous tubule (ST) and a cross section 
of the middle portion (MP) of the terminal segment. 
  Note the large lumen of the seminiferous tubule. 
Masson’s trichrome stain. X400. 
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Figure 14: A photomicrograph of a longitudinal section of the 
terminal segment with its three parts: transitional region 
(TR), middle portion (MP) and terminal plug (TP) 
protruded into the receptacle (R) in sexually mature kid. 
The terminal segment is surrounded by a large amount 
of collagen fibres 
                     Masson’s trichrome stain. X400. 
 
 
 
Figure 15: A photomicrograph of the testis of sexually mature kid 
illustrating the seminiferous tubules (ST), transitional 
region (TR) and middle portion (MP) of the terminal 
segment. 
H&E stain. X100. 
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Figure 16: A photomicrograph of the testis of sexually mature kid 
showing the seminiferous tubules (ST), the transitional 
region (TR) and middle portion (MP) of the terminal 
segment (TS) and the receptacle (R) of the tubulus 
rectus. 
A large muscular artery is present. 
H&E stain. X100. 
 
 
 
Figure 17: A high magnification of the seminiferous tubule (ST) and 
a cross section of the middle portion of the terminal 
segment of sexually mature kid lined by modified Sertoli 
cells (MSC) with long cytoplasmic processes. 
The large nuclei (arrow) of modified Sertoli cells possess 
prominent nuclei. The interstitial space become distinctly 
fibrous 
H&E stain. X 400. 
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Figure 18: A photomicrograph of the seminiferous tubules (ST) and 
middle portion of the terminal segment of sexually 
mature kid showing the vaculated cytoplasmic processes 
of the modified Sertoli cells (arrows). 
H&E stain. X400. 
 
 
 
 
Figure 19: A high magnification of the plug of the terminal segment 
in sexually mature kid showing the large nuclei of 
modified Sertoli cells and most of them situated near the 
basal lamina.  
The nuclei possess prominent nucleoli. 
Some phagocytized spermatozoa are found within the 
apical cytoplasm of modified Sertoli cells. 
H&E stain. X1000. 
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Figure 20: A photomicrograph of the testis of sexually mature kid 
showing the seminiferous tubules (ST) and a cross section 
of middle portion of the terminal segment (MP) with a 
narrow lumen (L). The modified Sertoli cells have long 
and vacuolated cytoplasmic processes and their nuclei 
are situated near the basal lamina. 
                     H&E stain. X400. 
 
 
 
Figure 21: A photomicrograph of the testis of sexually mature kid 
illustrating the seminiferous tubules (ST), transitional 
region (Tr) and middle portion (MP) of the terminal 
segment and the receptacle (R) of the tubulus rectus and 
the rete testis (RT). 
 TR: tubulus rectus. 
H&E stain. X100. 
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Figure 22: A photomicrograph of the transitional regions of sexually 
mature kid demonstrating a few reticular fibers 
surrounding the terminal segments. 
 The terminal segment has a relatively wide lumen. 
Gomori΄s silver stain. X400. 
 
  
 
  
Figure 23: A photomicrograph representing the seminferous tubules 
(ST), the terminal segments (TS), the receptacles (R) and 
mediastinal rete testis (MR) in kid at 17-18 weeks of age. 
Note the presence of round and elongated spermatid 
within the seminiferous tubules and the less 
intercommunicating rete testis. 
H&E stain. X100.  
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Figure 24: A photomicrograph of a longitudinal cut terminal segment 
(TS) with a plug protruded into the receptacle of the 
tubulus rectus (TR) of sexually mature kid. The tubulus 
rectus is lined with a single layer of low cuboidal cells.  
H&E stain. X400. 
 
 
 
 
 
 
Figure 25: A high magnification of the testis of sexually mature kid 
showing the seminiferous tubules (ST) and a cross section 
of the main part (MP) of the tubulus rectus lined by a 
single layer of cuboidal cells and surrounded by fibrous 
tissue. 
 Note a few intraepithelial lymphocytes between the bases 
of the epithelium (arrow). 
H&E stain. X250. 
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Figure 26: A photomicrograph demonstrating the seminiferous cords 
(SC) (right) and mediastinl rete testis (MR) (left) of 
kid at 5-6 weeks of age. 
Note the parallel arrangement of the rete channels at 
this age.  
The rete channels lined by pseudostratified columnar 
epithelium. 
 Masson’s trichrome stain. X400. 
 
 
Figure 27: A high magnification of the mediastinum testis of kid at 5-
6 weeks of age, demonstrating the simple cuboidal cells 
(arrow) lining the mediastinal rete channels. 
The mediastinal connective tissue contains mainly 
collagen fibres and fibroblasts. 
Note The conspicuous lumen of the rete channels. 
Masson’s trichrome stain. X1000. 
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Figure 28: A photomicrograph of the seminiferous cords (right 
below) and mediastinal rete channels (left) of goat at 5-
6 weeks of age the rete channels are lined mainly by 
simple cuboidal epithelium (arrow). The seminiferous 
cords are separated from the rete channels by a large 
area of collagen fibres. 
Masson’s trichrome stain. X400. 
 
 
 
Figure 29: A photomicrograph of the mediastinum testis of goat at 5-
6 weeks of age showing the Leydig cells (arrow) at the 
mediastinal connective tissue in between the rete testis 
(RT). 
H&E stain. X 1000. 
 
 
 
151
 
 
152
 
 
 
 
Figure 30: A photomicrograph of the rete testis and part of a 
seminiferous cord (below) of goat at 8-10 weeks of age. 
 The channels of the rete are still parallel to each other 
at this age. The pseudo stratified columnar epithelium 
lined the rete channels. 
H&E stain. X 400. 
 
 
 
Figure 31: A photomicrograph of the rete testis (RT) and part of 
seminiferous tubules (above) of kid at 17-18 weeks of age, 
demonstrating the simple squamous cells (white arrow) 
and low cuboidal cells (black arrow) which line the rete 
testis. 
H&E stain. X250. 
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Figure 32: A photomicrograph of the testis of kid at 5-6 weeks of age 
illustrating the reticular fibers in the mediastinal 
connective tissue and surround the rete testis and 
seminiferous cords 
Gomori΄s silver stain. X100. 
 
 
 
 
 
 
 
Figure 33: a photomicrograph of the receptacle (R) containing the 
plug of the terminal segment of sexually mature kid. 
ST: seminiferous tubules .  
Note the presence of a lumen in the terminal plug.  
                     H&E stain. X 400. 
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Figure 34: A photomicrograph of the seminiferous cords of kid at 5-
6 week of age, showing the presence of glycogen granules 
within the cytoplasm of the cells lining the cords. 
                   PAS stain without diastase. X 400. 
 
 
 
 
Figure 35: A photomicrograph of the seminiferous cords of kid at 5-
6 weeks of age showing the positive reaction of boundary 
tissue of the seminiferous cords to PAS diastase resistant 
material. 
  PAS stain with diastase. X 400.  
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Figure 36: A photomicrograph of the testis of kid at 5-6 weeks of 
age showing the varying number of glycogen granules in 
the different seminiferous cords. 
                    PAS stain without diastase. X 100. 
       
 
 
 
 
 
Figure 37: A photomicrograph of seminiferous cords of kid at 5-6 
weeks of age showing strong PAS positive reaction in the 
boundary tissue and varying number of glycogen 
granules within the seminiferous cords. The epithelium 
lining the cords and the interstitial tissue gives a negative 
reaction for PAS. 
PAS stain without diastase. X 1000.  
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Figure 38: A photomicrograph showing PAS positive basement 
membrane of the seminiferous tubules (ST) and terminal 
segment (TS) of kid at 12-15 weeks of age. The lining 
epithelium and the interstitial connective tissue gives a 
moderate reaction. 
            PAS technique. X 100. 
 
 
 
 
 
 
Figure 39: A photomicrograph of the testis of sexually mature kid 
demonstrating PAS-positive basement membrane of the 
seminiferous tubules (ST), terminal segments (TS) and 
receptacle (R) of the tubulus rectus. 
PAS technique. X 100.  
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Figure 40: A photomicrograph of the rete testis of kid at 5-6 weeks 
of age showing PAS positive boundary tissue and PAS 
positive granules resistant to diastase digestion within the 
cytoplasm of the rete epithelium. 
PAS stain with diastase. X1000.  
 
 
 
 
 
Figure 41: A photomicrograph showing PAS –positive basement 
membrane of the seminiferous tubules (ST), terminal 
segments (TS) and receptacle (R) of the tubulus rectus. 
The reaction is stronger at the terminal segment and 
receptacle than the seminiferous tubule. 
PAS technique .X 400. 
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Figure 42: A photomicrogragh of the rete testis and part of the 
seminiferous tubule (ST) of kid at 21 weeks of age and 
onward illustrating the positive reaction of basement 
membrane and rete content for PAS marerial. 
Note: The reaction in the basement membrane of the 
seminiferous tubule is less than that of the rete testis. 
PAS technique. X 100. 
 
 
 
Figure 43: A photomicrograph of the rete testis of kid at 21 week of 
age and onward, showed the strong reaction for PAS 
resistant to diastase digested material in the basement 
membrane, rete contents and mediastinal connective 
tissue. 
PAS technique. X400. 
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Figure 44: A photomicrograph of kid at 12-15 weeks of age showing 
strong reaction of the epithelium lining the seminiferous 
tubules while the basement membrane showed a weak 
reaction to acid phosphatase. The interstitial connective 
tissue reacted strongly (arrows). 
Gomori΄s technique. X 400.  
 
 
 
 
 
Figure 45: A photomicrograph of the testis of kid at 5-6 weeks of age, 
showed the positive reaction of the seminiferous cords for 
acid phosphatase. 
Gomori΄s technique. X100. 
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Figure 46: A photomicrograph of the testis of kid at 12-15 weeks of 
age showed positive reaction of the seminiferous tubules 
for acid phosphatase. 
Note: The reaction is stronger than at of 5-6 weeks of 
age. 
Gomori΄s technique. X100. 
 
 
Figure 47: A photomicrograph of the testis of kid at 21 weeks of age 
and onward, showed the strong reaction of acid 
phosphate in the epithelium lining the seminiferous 
tubules and terminal segments. 
Note: The reaction is more intense at the basal layers of 
the seminiferous tubules. 
The basement membrane and the interstitial connective 
tissue showed negative reaction. 
Gomori΄s technique. X 100.  
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Figure 48: A photomicrograph of the seminiferous cords at 5-6 
weeks of age demonstrating a strong reaction of the 
basement membrane and the epithelium lining the 
seminiferous cords to alkaline phosphatase. 
                   Gomori  and Lillie  technique. X 100.  
 
 
 
Figure 49: A photomicrograph showing the strong reaction of the 
lining epithelium of the seminiferous cords of kid at 5-6 
weeks of age to alkaline phosphatase while the 
peritubular connective tissue reacted very weak. 
    Gomori  and Lillie  technique. X 400.   
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Figure 50: A photomicrograph of the testis of kid at 5-6 weeks of 
age showing the weak reaction of the interstitial 
connective tissue while the interstitial cells reacted 
strongly to alkaline phosphatase (arrows). 
                     Gomori  and Lillie  technique. X 400.  
 
 
 
 
 
Figure 51: A photomicrograph of the testis of kid at 12-15 weeks of 
age. The cytoplasm of the cells of the seminiferous 
tubules showed a positive reaction to alkaline 
phosphates. 
Gomori  and Lillie  technique. X100. 
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